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CHAP. J. 


Of the Phenomena which ariſe from the 
mutual Action of the Particles of Fluids 


upon one another. 

I. N the former Part of this Eſſay, I have 
laid down, and explained the general 
Laws of Nature, and from thence de- 
duced thoſe Phænomena, which are in 
a ſtrict and proper Senſe * denominated Me- 


In a larger Senſe all the Effects and Operations of natural 
Bodies upon one another may be called Mechanical; as bein 
all ſubject to the general fo of Motion. In Hydroftatics' 
Fluids are thn by the Laws of Mechaniſm, as much as 
the Mechanical Powers * are ; the ſame holds of the 


Rays 
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chanical; I proceed now to an Explanation of 
ſuch, as Philoſophers have comprehended un- 
der the Name of Hydroftatics ; the Intention 
of which is to explain the Nature of Fluids, 
and the Manner, wherein they act upon one 
another, and upon Solids. 

II. The Nature of a Fluid *, as diſtinguiſh- 
ed from that of a Sid, or hard Body, conſiſts 
in this, ©/z. that its Particles are ſo looſely 
connected together, that they readily move 
out of their Places, when preſſed with the 
leaſt Force one Way more then another f. 


Rays of Light, as will be ſeen when we come to Optics ; and 
in the larger Bodies of the Planetary Syſtem, Mechaniſm equal- 
Iy prevails, as has been demonſtrated by Sir Iſaac Newton ; 
which we ſhall endeavour to make out (when we treat of Aſtro- 
nomy) ſo far as the Nature of our Deſign will permit. 


* Some Philoſophers make the following Diſtin&ion in 
Fluids; thoſe which flow or ſpread themſelves till their Sur- 
faces become level or horizontal, they call Liquid; in Contra- 
diſtinction to Flame, Smoak, Vapour, &c. which are alſo Fluids, 
but do not acquire ſuch a Surface. Thoſe, which are capable 
of exciting in us the Idea of Moiftneſs, as Water, &c. they 
call Humid, diſtinguiſhing them thereby from Air, Quickſilver, 
and melted Metals. But thoſe Diſtinctions are quite unneceſſary 
in a Philoſophical Senſe : the Surfaces of all Fluids being level, 
when not prevented by the Bodies about them; and Humidity 


is only a relative Quality ; for tho* Quickſilver will not moiſten, 


or ſtick to a Man's Fingers, it will to Silver or Gold. 


The common Definition, Fluidum eft cujus partes impreſſions 
cuicurque cedunt, & cedends facillime moventur inter ſe, though it 
expreſſes very well the Nature of a compreſſible Fluid, as Air, 
E does not correſpond to that of Water, whoſe Parts have 

een found to yield to no Force, with which they have been 
compreſſed, unleſs it was greater on one Side than on the other. 


The Definition therefore ſeems imperfect, as not expreſſing that 
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From whence Philoſophers conclude, that 
they are exceedingly minute, ſmooth, and 
round *; it being otherwiſe impoſſible they 
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Inequality of Preſſure, which is requiſite to move the Parts of 
ſome Fluids one among another. 


* It is commonly obſerved that the Roundneſs of the Par- 
ticles conduces very much to Fluidity, not only as it diſpoſes 
them to move one among another with —_ Facility, but be- 
cauſe round Bodies touching one another in few Points only, 
the Force with which they mutually attract each other, is the 
weaker. But, upon this Suppoſition, the Particles of a Fluid 
ought to move with leſs Freedom one among another, by how 
much the greater the Weight is, with which mo are compreſſed, 
(for it is the ſame Thing in this reſpect, whether they preſs 
againſt each other by Virtue of their own Attraction, or b 
ſome external Force) but of this we have no Experience. A 
Diver, upon plunging out of his Bell at the Bottom of the Sea, 
never finds the Water leſs fluid, notwithſtanding the great Preſ- 
ſure from above. Mr. Boyle having cauſed a Tadpole to be put 
into a Veſſel of Water, and to be preſſed with a very great 
Force, tells us, that in Appearance it found no Inconvenience 
from thence, but ſwam about with the ſame Freedom and Brisk- 
neſs as ever. 

Quere, Whether the Particles of which Fluids conſiſt, are 
in Contact with each other, or not? Perhaps, they are pre- 
vented from approaching, nearer than to a certain Diſtance, 
by a repelling Power, diffuſed around each fingle Particle. The 
Obſervation, that Water is not render'd leſs fluid by Preſſure, 
ſeems to favour this Opinion ; and the Property, which the Air 
has of expanding or contracting itſelf, according to the Weight 
which it ſuſtains (as ſhall be ſhewn Chap. 3.) proves beyond 
Contradiction, that its Particles are endued with ſuch a Power. 
But then if the Particles of all Fluids have this Power, it will 
follow that they ought to be in ſome Meaſure capable of being 
reduced into leſs Space by Preſſure, as Air is; which they 
have not as yet appeared to be. Further, fince it has been 
proved (Part I. Chap. 3) that if the Parts of Fluids are placed 
juſt beyond their natural Diftances from each other, they will 
approach and run together; and if placed farther aſunder ſtill, 


will repel each other; it follows, upon the foregoing Suppoſi- 
2&8 tion, 


* 
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ſhould move with ſuch Freedom one among 
another, upon the leaſt Inequality of Preſſure. 


tion that earch Particle of a Fluid muſt be ſurrounded with 
three Spheres of Attraction and Repulſion one within another; 
the innermoſt of which is a Sphere of Repulſion, which keeps 
them from approaching into Contact; the next, a Sphere of At- 
traction diffuſed around this of Repulſion, and beginning where 
this ends, by which the Particles are diſpoſed to run together 
into Drops; the outermoſt of all, a Sphere of Repulſion, where- 
by they repel each other, when removed out of that At- 
traction. 

Nov, if this Hypotheſis ſhould be found to be true; and we 
might agreeably to the above-mentioned Conſequence of ir, 
ſuppoſe, that the Particles of all Bodies attract and repel each 
other alternarely at different Diſtances, perhaps we —_— be 
able to ſolve a great many Phznomena relating to ſmall Bodies, 
which now lie Lejond the reach of our Philoſophy. However, 
upon the Suppoſition of the three Spheres of Attraction and Re- 
pulſion juſt mentioned, nothing is more caſy, than to ſee how 
Solids may be converted into Fluids, and Fluids into Solids (as 
is done in Liquefaction and Freezing) ; for allowing, that the 
firſt or innermoſt Sphere of Repulſion is capable, like that of 
the Particles of Air, of being augmented by Heat, and diminiſh- 
ed or totally ſuſpended by Cold ; it follows, that Bodies muſt 
be more or leſs fluid, in Proportion to the Degree in which 
they are affected by Heat or Cold: for when the Action of the 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold, the 
Particles of the Fluid muſt neceſſarily be brought into cloſer 
Contact with each other by the Force of the circumambient 
Attraction, and by that means conſtitute an harder Body than 
before. Bur, we muſt not dwell roo much upon an Hypotheſis 
which wants Proof; I ſhall only add, that altho* ſome Fluids, 
as Water, have not been as yet contracted in their Dimenſions, 
or made to take up Iefs Space than they naturally do, by any 
Force with which they have been compreſſed by Art; yet there 
are none but are naturally contracted by Cold, from whence it 
ſeems reaſonable to infer, that their Particles are at leaſt capa- 
ble of being brought into cloſer Contact, which is ſome Con- 
firmarion of this Doctrine. 

It is an obvious Objection to this, that Water by freezing is 
a1gmented in its Bulk; but this may be owing to thoſe Bub- 
dies or Vacuitics, obſervable in the Water after it is frozen, 

which 


II. 
ng 


re. 


vith 
ler: 
eps 
At- 
nere 
ther 
ere- 


At- 


| we 
f it, 
each 
t be 
dies, 
ever, 
Re- 
how 
$ (as 
t rhe 
at of 
niſh- 
muſt 
hich 
f the 
, the 
loſer 
bient 
than 


Chap. 1. 


III. Thoſe Particles, conſidered ſeparately, 
are endued with all the common Properties 
of Matter, and ſubject to the ſame Laws of 
Motion and Gravitation with larger Bodies. 
To enquire therefore into the Nature of Fluids, 
is to conſider, what Appearances a Collection 
of very ſmall round Bodies, ſubje& to thoſe 
Laws, will exhibit under different Circum- 
ſtances. In order to which, it is uſual with 
Hydroſtatical Writers to conſider a Fluid, as 
divided into ſeveral perpendicular Columns 
contiguous to each other. Sometimes it 1s 
convenient to conceive it divided into thin 
Plates or Str aza lying upon one another. In 
ſome Caſes, the ſame Fluid is conſidered, as 
diſtinguiſhed both theſe Ways, . into per- 
pendicular Columns, and alfo into thin Strata 
or Plates. Figure 1, repreſents a Veſlel filled 
with a Fluid to the Height EF, and divided 
into the Columns GH, IK, LM, Gc. and alſo 
into the Strata RS, TV, XY, Go. 

IV. From this Obſervation, concerning the 
Properties of the Particles conſidered ſeparate- 
ly, immediately reſults the following Propo- 
ſition, ©/z, that in a Veſlel, whoſe Form is 
ſuch as is repreſented by ABCD, (Fig 1.) the 
Quantity of Preſſure, which each Stratum ſu- 
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which were not in it before; and not to any general and uni- 
form Removal of the Particles of the Fluid from each other, 
which the Objection, if it is of any Force againſt what has 
been advanced, mult ſuppoſe. | 


ſtains, 


| 
| 
| 
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ſtains from the Weight of the incumbent ſo 
Fluid, is in Proportion to the Number of thoſe ſu 
Strata, hich reſt upon it, that is, as the Height an 
of the Surface of the Fluid above it; for if 

we ſuppoſe the Strata of equal Thickneſs, the Pr 
Quantity ſuſtained is proportionable to the the 


Number of Strata of which it conſiſts. ſur 
V. When the Surface of a Fluid is ho— ſuſ 
rizontal or level, each Particle thereof is diſ- Pa 
poſed to continue in its Place, being ſuſtain- is, 
ed therein by the contiguous ones. | of 
Let the Fluid be ſuppoſed to be divided ] 
into Strata, each of the Thickneſs of a Parti- cac 
cle of the Fluid; and if the Truth of this mo 
Propolition be denied, let the Particle n be I not 
one of thoſe which is not ſuſtained in its ticl: 
Place by the contiguous ones, but 1s moving a M 
from thence towards ſome other Part of the ¶ by; 
Veſlel, c. g. towards D. Now, {ſince all the Iſh gree 

other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid with WW : 1 
this, they alſo ſuſtain an equal Degree of Preſ- N a- 
ſure (by the laſt Propoſition,) conſequently for eric 
the fame Reaſon that one of them is moving WM + 7 
towards D, the reſt may all be ſaid to be we, 
moving in the ſame Direction: But this can- — 
not be true of the whole Stratum, while the {MW to 
Veſſel is entire, and therefore of none of its — 
Parts. Now, the like Reaſoning will hold a- ehr 
[ror a 


gainſt the Motion of the Particle n towards 


any other Part of the Veſſel; from whence it 
follows, 
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ent ſollowes, that each Particle of the Fluid, is 
zofe ſuſtained in its Place by the contiguous ones, 
ght and therefore diſpoſed to continue at Reſt *. 
r if VI From hence is derived a fundamental 
the Propoſition in Hydroſtatics, . That when 
the the Surface of a Fluid is level, whatever Preſ- 
ſure any ſingle Particle or ſmall Portion of it 
ho- ſuſtains from the contiguous ones on one 
dif. part, it ſuſtains the ſame on all the reſt ; that 


ain- is, it is preſſed by them with an equal Degree 
of Force on all Sides f. 
ided For, by the Definition of the Fluid (g. 2.) 
arti- each Particle is diſpoſed to give Way, and 
this move out of of its Place, when the Preſſure is 
n be not equal on all Sides; and (9. 5.) each Par- 
1 its Wl ticle is preſſed by the contiguous ones in ſuch 
wing a Manner, that it is ſuſtained in its Place there- 
f the WE by; it is therefore preſſed with an equal De- 
1 the gree of Force on all Sides. 


equal 
. * This ſhews us the Abſurdity of ſome Philoſophers, who 
With make the Nature ot a Fluid, as Les that 
Preſ- o a Solid, to conſiſt ſolely in the inteſtine Motion of its 
ly for Particles. - 
Oving This Propoſition with its Corollary is not ſtrictly ſpeaking 
to be true, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 
oe: poſed void of Gravity, for it preſſes downwards with a Force 
equal to the Weight of thoſe Particles which reſt upon it, ad- 
le the ded to its o n; whereas the Force with which it preſſes up- 
of its wards is 8 equal to the Weight it ſuſtains, viz. that of the 
4 incumbent Fluid. But the Particles of Fluids are ſo exceed- 
old a- 05 minute, and the Gravity of each ſo very ſmall, that the 
wards rror ariſing from hence can never be ſenſible, 
>NCE 11 | 


Chrol. 


z1lows, 
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Corol. From hence it follows, that each 
Particle or ſmall Portion of a Fluid preſſes 
with the ſame Degree of Force in all Direc- 
tions on thoſe which are contiguous to it, 
For, by the third Law of Nature, every Par- 
ticle preſſes upon the contiguous ones with 
the ſame Degree of Force, with which it is 
preſled upon by them. = 

VII. The Surface of a Fluid becomes level! 
by its own Gravity, when no external Force t 
prevents it from being ſo. | 

For, the Particles of Fluids preſs in all Di- 


rections with Forces proportionable to the th 
Height of their Surfaces (Cor. g. 6. and g. 4.) . 
if then the Surface be not level, the different anc 
Parts of the ſame inferior Stratum will be 9 

J O 
preſſed not only downwards, but ſideways a- libr 


gainſt each other with unequal Forces; the 
greater Preſſure therefore overcoming the weak- 
er, the Particles which ſuſtain the leaſt Preſ- 
ſure, will be driven out of their Places and 
raiſed up, till the Surface becomes level ; the 
Surface being level, each Particle will be e- 
qually preſſed in every Direction, ({. 8.) all 
therefore will remain at Reſt, and the Surface 
continue in that State * 


* This Demonſtration, as alſo the foregoing, is founded 
upon a Suppoſition, that Bodies tend downwards by their Gra: 
vity in Lines parallel to each other, which though phyſically 
true, 1s not ſtrictly ſo, their Tendency being, towards the Cen- 
ter of the Earth, and conſequently in Lines which meet in 4 
Point : and therefore, if we would be accurate, the Fluid _ 

| tained 
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VIII. Fluids gravitate in Fluids of the 


| ſame Kind. | 
This Propoſition is a neceſſary Conſe- 


f quence of what has been obſerved about the 
h Nature of the Particles of which Fluids conſiſt, 
: ig. that they are ſolid, and endued with the 
* ſame Properties with other Bodies. The 
i | Reaſon why their Gravity is not ſenſible in 
- | the Fluid, is becauſe the lower Parts ſuſtain 


tained in a Veſſel ſhould be conſidered, as divided into Columns 
and Strata, as repreſented Figure the ſecond, where ABD is 
the Earth, C its Center, EFGH a Fluid contained in a Veſ- 
ſel, and divided into Columns, which if continued down to 
the Center of the Earth, would there terminate in a Point C; 
and into the concentric Strata, ab, cd, &c. having the Center 
of the Earth for the Center of their Convexity. And then we 
ſhould find that the Parricles of the Fluid will not be in Æqui- 
librio with each other, till all the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming thereby 
the Surface EF, concentric to that of the Earth. For, ſup- 
poling the Fluid EFGH continued down to C, fo as to fill the 
Space ECF; it is evident the Columns, into which the Fluid 
is divided, cannot be of equal Lengths, and therefore cannot 
be of an exact Counterpoiſe to each other, unleſs the Surface 
| EF is a Portion of a Sphere, whoſe Center is C: but the Ac- 
tion of the Parts of the Fluid upon each other at the Surface, 
is the ſame, whether the lower Part GCH be a Fluid, or not. 
Conſequently the Surfaces of Fluids are not level or plain, but 
| convex, having the Center of the Earth for the Center of their 
Convexity. | 
This Convexity, by Reaſon of the g eat Diſtance of the 
Earth's Center, approaches ſo near to a Plane, that in ſmall 
Portions of it, the Difference is not ſenſible, and theretore may 
be neglected : but at Sea 'tis evident to Senſe ; for when the 
Ma iners put to Sea, the Shore firſt diſappears, then the lower 
Buildings, afterwards the Towers, Mountains, Sc.; in like 
Manner, when they approach a diſtant Ship, the Top ot its 
Maſt and Sails appear firſt, while the Ship itſelf is intercepted 
rom their View, by the Convexity of the Water between them. 


the 
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the upper, and hinder them from deſcending. 
But, it does not ſollow from thence, that the 
Gravity of the uppermoſt is entirely taken a- 
way, as ſome * Philoſophers have imagined , 
tor, as much as the lower Parts preſs againſt 
the upper in ſuſtaining them ; juſt ſo much do 
the upper by their Reaction preſs upon the 
lower. Thus, the Weight of the whole Fluid 
is communicated to the Veſſel, which there- 
fore weighs according to the Quantity it con- 
tains, notwithſtanding the Preſſure of each 
Portion of the Fluid, taken ſeparately, ſeems 
not to effect it. 

IX. 'Fhe Preſſure of a Fluid is in Propor- 
tion to its perpendicular Height, and the Quan- 
tity of Surface againſt which it preſſes, 

This Propoſition admits of four Caſes. 

1. When the Fluid is contained in a Vel- 
ſel of the ſame Dimenſion from 'Top to Bot- 
tom, and held in an ere& Poſition, as that 
repreſented Fig. 1. it is evident, the Preſſure 
of the Fluid upon the Bottom will be in Pro- 
portion to its Magnitude, and the perpendi- 
cular Height of the Surface of the Fluid above 
it, For, conceiving it divided into Columns, 
the Preflure upon the Bottom, by the fourth 
Propoſition, will be as the Length or Height 
of the Column: and it will alſo be as the 


* This was the Notion of the Carteſians, who held, that 
when a Fluid 1s mixed with another of the ſame Kind, ir loſes 
its own Weight thereby, 

Num- 
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Number of them, becauſe the Quantity of 
Fluid, which preſſes upon the Bottom, is in 
that Proportion, that is, as the Magnitude of 
the Bottom preſſed upon. But when the Veſ- 
ſel is inclined or irregular, the Truth of this 
Propolition is ſo far from being evident, that 
it has been commonly looked upon as a Pa- 
radox. 

2. Let the Veſſel ABCD (Fig. 3.) be fil- 
led with a Fluid to the Height EF, and held 
in an inclined Poſition, as there repreſented ; 
I fay, the Preſſure of the Fluid is proportion- 
able to the Magnitude of the Baſe CD, and 
FG or HD the perpendicular Height of the 
Surface of the Fluid above it. 

For ſuppoſing the Fluid divided into the 
Strata EI, KM, LO, Gc. ſo far, as the firſt 
Stratum EI is prevented from preſſing upon 
KI the Surface of the next inferior Stratum, 
by being in ſome Meaſure ſupported by the 
Side of the Veſſel FI, ſo far is its Preſſure 
augmented by the Reaction of the oppoſite 
Side EK upon it, which is exactly equal to 
the Action of the former, becauſe the Fluid 
preſſing every Way alike, at the ſame Depths 
below the Surface, exerts an equal Force a- 
gainſt both theſe Sides. The Surface there- 
fore of the ſecond Stratum is preſſed with tho 
ſame Degree of Force with which it would be, 
if the Quantity of Fluid contained in the ſor- 
mer Stratum was included yithin the Space 
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HK Cl, which is exactly equal to it, as having 
the ſame Baſe KI and the ſame perpendicular 
Height QI *. Now, this being true of each 
Strarum, their Preſſure upon CD the Baſe of 
the Veſlel is the ſame, as if they were all placed 
perpendicularly over it, and filled the Space 
RECD ; which they would do, ſince the Sum 
of their perpendicular Heights QI, KS, LT and 
NV are equal to iD the perpendicular Height 
of this Space, and euch of their Baſes KI, LM, 
Gc. is equal to CD its Baſe f. But, by the 
foregoing Caſe, if the Space RHCD was hl- 
led with a Fluid, the Preflure of it would be 
proport:onable to the Dimenſions of the Paſe 
CD, and the perpendicular Height DH, there- 
fore it is the ſame in the inclined Tue 
ABCD ||. 

3. Let the Veſſel ABC be irregular, as 
repreſented Figure the fourth, and filled with 


1. .in ft 31. 1. 


Perhaps it may be thought more Geometrical, to demon- 
ſtrate this Propoſition with the Generality of Authors from the 
Property of the inclined Plane They confider AD the lower 
Side of tie 1 vbe, as an inclined Plane, on which the Fluid 
contained within it refts, and argue that it loſes thereby a Part 
o: its Weight in Proportion to the Length of the Plane, and 
therefore occaſions no greater Preſſure upon the Baſe, than if 
the Veſſel was held erect, and filled only to the ſame perpen- 
dicular Height, as when inclined. But this Demonſtration 
proves too much, for by this Way of Reaſoning, one might 
ſhew, that the Preſſure of the Fluid EFCD upon the Baſe CD 
is leſs than the Preſſure of RHCD à Column of the ſame Fluid 
having the ſame Baſe and equal perpendicular Height with it. 
For both the inclined, and the perpendicular Column 9 

the 
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a Fluid to the Height D, I ſay, the Preſſure 
of the Fluid upon the Baſe C, is proportion- 
able to the Magnitude of the Baſe, and CD 
the perpendicular Height of the Surface of the 
Fluid above it. 

In order that the Proof of this Propoſition 
may be the better underſtood, we muſt pre- 
miſe the following Lemma. viz, 

That wnen a Fluid paſſes through a Pi 
as AB, (Fig. 5.) which in ſome Parts is i 
than in others, the Moment, or Force with 
which it moves, is every where the ſame. For 
while the Fluid is paſſing through the Tube 
its Velocity in every Part will be reciprocally 
as the Quantity of Matter ; for Inſtance, it will 
be as much greater at C, than it is at D, as 
the Quantity paſſing through C at any Inſtant 
of Time is leſs than at D, and ſo of the reſt ; 
becauſe a leſs Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 
ſame Time, unleſs it ſhould move faſter there 
in Proportion to the ſmallneſs of them. Now 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity ; (as explained Part I. Chap. 9. b. 1.) 
conſequently what the Fluid, which is actual- 


the ſame Quantity of Fluid, upon Account of the Equality of 


their Baſes, and perpendicular Hei 

ir Baſes, > ; ights; but that reſt 

. inclined Plane which this does not, and bes LO 
s upon the Baſe. But this is contrary both to Demon- 


tration and Experience, the Argument therefore proves too 


much. 
ly 
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ly paſſing through the narrower Parts of the 
Tube, wants in Quantity, is compenſated by 
its Velocity in thoſe Parts, and what it wants 
in Point of Velocity in the other Parts is 
made up by the Cuantity paſſing through 
them ; ſo that the Moment 1s the ſame in c- 
very Part of the Tube, whether larger or 
narrower *. The ſame is true, whatever be 
the Poſition the Tube is held in. 


Let us now conceive the Fluid in tte 


Veſſel ABC (Fig. 4.) to be diſtingniined i 


to the Strata EF, GH, IK, &c. Let us a ſo 


imagine the Bottom of the Veſſel C to ge 
moveable, that is, capable of flidng up and 


down the narrow Part of the Veſlel, . g. 


from C to GH, (without Jetting any of the 
Fluid run out). Let it further be ſuppoſed 
that this moveable Bottom is drawn up or let 
down with a given Velocity, while the Vel- 
ſel itſelf is fixed and imoveable; it is evi- 
dent the lowermoſt Stratum, which is conti- 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity and the Quantity of Matter it con- 
tains: But by the Lemma, all the reſt of the 


* Thus, we may obſerve in a River or Canal, that by how 
much the Breadth or Lepth is leſs in any Part, ſo much the 
more rapid is the Stream in that Part; and on the contrary, 
where it is wider and deeper, the Motion of the Water is 


more gentle and languid So that the Moment, with which 
it flows, is the ſame in every Part. 
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Strata will have the ſame Moment, conſe- 
quently the Moment. of all taken together, 
(that is, of the whole Fluid,) is the ſame, as 
i the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 
been as great as that of the lowermoſt); the 
reſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
Strata, that is, the perpendicular Height of the 
Fluid, and the Magnitude of the lowermoſt 
Stratum, that 1s, the Bottom. 

Again, ſuppoſe the Veſſel ABC ( Fiz. 
6.) ld with a Fluid to D; I fay the Preſ- 
ſure upon the Bottom BC, 1s proportionable 
to the Dimenſions of the Bottom, and to DE 
the perpendicular Height of the Fluid. 

For, if we ſuppoſe the Bottom moveable, 
as before, and raiſed up or let down with a 
given Velocity, the Moment of every Stra- 
tum will be the ſame with that of the lower- 
moſt, by the Lemma ; therefore the Moment 
of all taken together, is the ſame, as if the 
veſſel had been no leſs in any one Part, than 
it is at the Bottom; conſequently the Preſſure 
is proportionable to the perpendicular Height, 
and the Magnitude of the Bottom. This Caſe 
is the Converſe of the former *. 


Upon this is founded the Practice of conveying Water 
through Pipes from Place to Place, &c. For from hence it 


follows, 
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From hence it follows, that, if a Veſſel i; 
made of ſuch a Form, as is repreſented (Eig. .) 
by ABCDEFG, and filled with a Fluid to 
the Height C, the Weight which the Bottom 
ſuſtains, 15 as great as it would be, had the 
Veilel been IKFG (which is every where of 
the ſame Dimen{;ons, that the other is of at 
the Bottom) and filled to the Top IK. Be- 
cauſe the Preſſure, by the Propoſition, is pro- 
portionable to the Bottom and perpendi- 


follows, that if one End of a Pipe is laid in a Reſervoir of Wa. 
ter, the Fluid will run into the Pipe, till it riſes to a Level at 
the other End with its Surface 1n the Reſervoir. Thus ler 
ABC (Hs. 8.) repreſent a Reſervoir or Baſon of Water, DGE 
a Pipe laid from thence to E. If E the End of the Pipe s pla- 
ced above the Line ABF, the Level of the Water in the Re. 
ſexvoir, the Water will run into the Pipe, till it riſes in the 
other End to F the Level with AB; at which Time the Water 
in the Pipe will be in AEquilibrio with that in the Reſervoir, 
and remain at Reſt. But if the End of the Pipe is below the 
Surface of the Water in the Reſervoir, it will continue to run 
out, till they are reduced to a Level. For, let GH be the loy- 
eſt Part of the Pipe, then fince F the perpendicular Height of 
the Fluid on one Side, is equal to B he perpendicular Height 
of the Fluid on the other, and GH, which (being the Place 
where the Fluids preſs one ag inſt another,) may be confider'd 
as a Baſe to both, is common; it follows from this Propoſition, 
that the Preſſures on each Side are exactly equal; and there- 
fore being in contrary Directions will neceſſarily deſtroy each 
other, and the Fluid will remain in Æquilibrio. But while 
the End E is below the Level, this Æquilibrium cannot be 
obtained; and therefore the Fluid will continue to run out. 

For the ſame Reaſon, when two or more Tubes communi- 
cate with each other, the Surface of the Fluid they contain 
will ſtand at the fame Level in all, 


cular 
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cular Height, which in both Caſes are the 


ſame *. 
X. The Velocity, with which a Fluid ſpouts 


out at an Hole in the Bottom of a Veſſel, is 
equal to that, which a Body would acquire 
by falling freely from the Level of the Surface 
of the Fluid to the Hole. 

Let there be a large cylindrical Tube 
ABCD (Fig. 9.) in the upper Part of which 
let us imagine a Cylinder of Ice FGHI ex- 


*The Reaſon why the Veſſel ABCDEFG, with the Fluid 
contained in it, does not weigh ſo much, as the Veſſel IKFG, 
when full to the ſame Height, notwithſtanding the Preſſure up- 
on the Bottom 1s the ſame in both, is, becauſe ABDE the up- 
per Part, or Cover of the former Vellel, is preſſed upwards by 
the Fluid below it, with a Force equal to the Endeavour the 
Fluid in the ſmall Tube BCD has to deſcend. Which Endea- 
vour 1s the ſame thar it would be, if the Tube BCD compre- 
hended alſo the two Spaces ICBA and CKED, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Co- 
ver therefore is preſſed upwards with a Force equal to the 
Weight of as much Fluid as would fill the two Spaces ICBA 
and CKED ; conſequently the Veſſel, whoſe Form is ABCD 
EFG, is ſo much lighrer than the other, that is, as much as 
the Fluid it contains 1s leſs. 

From hence ariſes this Paradox, that the leaſt Quantity of 
oa may be made to raiſe any Weight how great ſoever 
it be, 

For ſince the Cover ABDE is preſſed upwards with a Force 
equal to the Weight of as much Fluid, as would fill the rwo 
Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
at Pleaſure in Height, by lengthening the Tube BCD (which 
at the ſame Time muſt be made proportionably ſmaller, other- 
wiſe the ſame Quantity of Fluid will not fill it;) it follows, 
that the ſame Quantity of Fluid may be made to preſs the Co- 
ver upwards with a given Force; if that Cover then is made 
moveable, any Weight that is laid upon it may be ſupported 


thereby. 
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actly fitting it; let it further be ſuppoſed, that 
III, the lower Surface of the Ice, is continually 
melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 
ceſlarily be ſuch, as is repreſented in the Fi- 
gure by HLI ; for the Water falling freely 
will deſcend faſter and faſter like other Bodies, 
cauſing thereby the Stream to become nar- 
rower and narrower. Now, let it be ſuppo- 
ſed, that the Tube has a Bottom as CD, with 
an Hole in it at K, juſt ſufficient to let the 
Stream paſs freely; it is evident, there will be 
no Obſtruction. on this count, but that the 
Fluid will paſs through the Hole with ſuch 
Velocity, as it naturally acquires by falling 
from HI, the lower Surface of the Ice. And 
if we ſuppoſe M and N, the empty Parts of 
the 'Tube, to be filled with Water, the Water 
will preſs equally upon the Sides of the Stream 
in every Direction (. 6.) and therefore will 
le no Impediment to its Motion on that Ac- 
count, Laſtly, let us ſuppoſe the Ice taken a- 
way, and the Stream ſupplyed from the Wa- 
ter at the Sides, as is the Caſe when a Fluid 
runs out through the Bottom of a Veſſel; then 
will the Velocity, with which the Water flows 
through the Hole, continue the ſame ; for ſo 
far as the Water coming from the Sides, en- 
deavours to deſcend itſelf, ſo far it obſtructs 
the Deſcent of the Stream, and no farther j 
an 
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and conſequently cauſes no Alteration in the 
Velocity or Quantity of Fluid running out. 
The Velocity therefore, with which the Fluid 
paſſes through the Hole, is equal to that, 
which a Body would acquire by falling freely 
from the Level of the Surface of the Fluid 
to that Place. 

If the Hole is made in the Side of the 
Veſſel at the ſame Diſtance below the Sur- 
face, the Velocity will be the ſame, on Ac- 
count of that equal Tendency Fluids have to 
move every Way alike “. 

XI. 'The Velocity, with which a Fluid 
ſyouts out from the Bottom or Side of a Veſ- 
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* Upon this Principle is founded the Practice of makin 
artificial Fountains. For if to a Veſſel or Reſervoir ABCD, 
(Fg. 10.) filled with a Fluid to the Height EF, be fixed the 
Pipe CH, with a ſmall Aperture at K, the Fluid will ſpout up 
from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 
ſuch a Velocity, as a Body would acquire by falling from FL 
the Level of the Surface to the Aperture at K, that is, ſuch as 
will carry it from the Aperture to the Level ; becauſe that 
Velocity which a Body acquires by falling from a certain 
Height, 1s ſufficient to carry it back to the ſame Height from 
whence it fell. | 

But in Practice the Height the Fluid riſes to, is leſs than 
that of the Level of its Surface in the Reſervoir : this is ow- 
ing to the Reſiſtance it meets with from the Air, its Friction 
againſt the Sides of the Pipe, c. It is found impoſſible to 
make it much exceed the Height of an hundred Feet: For, 
when 1t ſpouts our of the Aperture with a Velocity neceſ- 
fary to carry it higher, the Stream is immediately daſhed 
to Pieces by the Reſiſtance of the Air; whereby it loſes 
ts Force, and is prevented from riſing to any conſiderable 


Height. 
(7-4 ſel, 
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ſel, is as the ſquare Root of the Height of its 
Surface above the Hole *. 

'The Cauſe, why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
ſel, is the Preſſure or Weight of the Fluid in- 
cumbent upon the Hole; from whence it 
ſhould ſeem, that the Velocity ought to be 
as the Preſſure; but if ſo, then the Quantity 
run out would alſo be as the Preſſure (for 
the faſter the Liquor flows, the greater is the 
Quantity thrown out in a given Time, and 
ice cersd) conſequently, upon this Suppoſi- 
tion we ſhould have two Effects, each de- 
pending on the ſame Cauſe, and equal to it, 
which is abſurd. "Tis not then the Quantity 
of Fluid run out, nor the Velocity with which 
it flows, but its Moment, or both theſe mul- 
tiplied together, (Part I. Ch. 9. h. 1.) that is 
the true and adequate Effect of the Preſſure. 
Now theſe being ever in the ſame Ratio, 
with each other, tis neceſſary, in Order that 


* 'This Propoſition may be otherwiſe demonſtr:ted from 
the laſt, in the following Manner. For, ſince the Velocity 
with which a Fluid ſpouts out through an Hole in the Bot- 
tom or Side of a Veſſel, is equal to that which a Body would 
acquire by f.U ing from the Level of the Surtace of the + luid 
to the Hole, ard the Velocities Bodies acquire by falling ate 
as the ſquare Roots of the Heights they fall from (Part I. 
Chip 5. . 5.) it follows, that the Velocity, with which 3 
Fluid ſpouts out from an Hole in the Bottom or Side of 3 


Vellel, is as the ſquare Root of the Height of the Level of 


the Surface ofthe Fluid above the Hole. 
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the Effect may be proportionable to its Cauſe, 
that each of them be only as the ſquare Root 
of the Preſſure: For then, being multiplied 
together, their Product, or the Moment of the 
ſpouting Fluid, is adequately as the Preſſure 
which occaſions it; but the Preſſure is as the 
perpendicular Height (5. 4.) therefore the Ve- 
locity, and alſo the Quantity of Fluid ſpout- 
ing out, is only as the ſquare Root of the Height 
of its Surface above the Hole. 

To give an Inſtance or two ; ſuppoſe two 
Holes made in the Side of a Veſlel, the one an 
Inch below the Surface of the Fluid it contains, 
the other four Inches ; the Velocity with which 
the Liquor flows out of the lower Hole, will 
not be Hur Times as great, as that with which 
it flows through the upper, notwithſtanding 
the Preſſure is four Times greater: For if it 
ſhould, the Quantity run out in a given Time 
would alſo be four 'Times greater, conſequent - 
ly the Effect produced would be ſixteen Times 
greater than it is at the upper Hole, that is, 
four Times greater than the Cauſe ; which is 
abſurd, Whereas the Velocity and Quantity 
of Matter will each be only twice as great as 
they are above, producing thereby a Force or 
Moment only four Times as great, which is 
proportionable to the Cauſe. So, if an Hole 
were made ſixteen Times lower than the firſt, 


the Velocity and Quantity of Matter will not 
be each ſixteen Times greater than at the 


other, 


| 
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other, but only four Times greater apiece, and 
ſo the Moment ſixteen Times greater, as the 
Preflure is 

XII. When a Current of Water, or other 
Fluid, fails perpendicularly upon the Surface 


* From hence, we may ſee the Error ſome of the foreign 
Mathematictans have fallen into with Regard to the Forces 
of moving Bodies, who contend that they are as the Squares 
of the Velocities multiplied by the Quantities of Matter. 
For, from this Propoſition it is, that one of the principal Ar- 
guments re in Favour of this Opinion is derived. They 
argue thus, Affects are ever proportionable to their Cauſes, 
the Preſſure of the ir cumbent Fluid is the Cauſe of its ſpout- 
ing out, the Force with which it ſpouts out, is the Effect; 
but by this Propoſition the Preſſure is as the Square of the 
Velocity it flows with, therefore the Force is likewiſe as the 
Square of the Pelocity True, it is ſo; but let us ſee the 
Conſequence. The Force, with which the Fluid ſpouts out 


is not only owing to the Velocity, but the Quantity run 


out in a given Time They have cach their Share in pro- 
duc ing the Force, conſequently the Force is in a Ratio com- 
pounded of both, or as the Product of one multiplied by 
the other, or, which comes to the ſame Thing, (ſince as was 
obſerved before, they are in the ſame Ratio with each other) 
es the Square of either of them. From hence it is that the 
Forces of Fluids in Motion are faid t: s the Squares 
of their Velocitics ; not that they are 1v in Virtue of thoſe 
Velocities, as ſuch, but in Virtue of them, and the Quanti- 
ties of Matter taken together, or becauſe the Squares of the 
Velocities is the ſame Thing with the fimple Velccities 
multiplied by the Quantities of Matter. Therefore when it 
is ſaid, the Forces of Fluids are as the Squares of the Ve- 
locities, that Part of the Force which ariſes from the Quan- 
tity of Matter is really taken into Conſideration, How ri- 
diculous then muſt it be in thoſe Gentlemen to fetch an 
Argument from hence to prove, that the Forces of Bodics 
in Motion are as the Squares of the Velocities and Quant! 
ties of Matter too, when they are as the Squares of the Ve- 
locities, only becauſe the Quantities of Matter are implied in 
them ? 
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of a Plane, or flows againſt it, (as the Wind 
againſt the Sail of a Ship, or the like) the 
Force, which the Fluid exerts upon it, is equal 
to the Weight of a Column of the ſame Fluid, 
whoſe Baſe is equal to the Plane, and its 
| Height ſuch, that a Body falling freely through 
it would acquire the ſame Degree of Veloci- 
| ty with which the Fluid moves *. 

In Order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel ABCD (Fig. 11.) 
filled with a Fluid, and having a large Hole 
EF in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fall- 
ing freely from the Surface of the Fluid in 
the Veſſel to the Hole (as demonſtrated 9. 10.) 
In the midſt of this Hole, and conſequently 
in the Stream, let us ſuppoſe a Plane as PQ 
ſuſpended, but ſomewhat leſs than is ſufficient 
to fill the Hole, leſt it ſtop the Current of 
the Water. Now, tis certain, this Plane ſup- 
ports a Column of the Fluid, equal to that 
which preſſes upon any other Part of the Bot- 
tom of the Veſſel of equal Dimenſions with 
itſelf (for being thus placed, it may be look- 
ed upon as a Part of the Bottom) but every 
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From this Propoſition is deduced the Method of computing 
the Power of a Machine, which is to be moved by Wind or 
Water, Sc. See an Inſtance of fuch a Calculation in the Me- 
moirs of the Royal Academy of Sciences for the Year 1725. 
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Part bears a Column, whoſe Baſe is equal to 


is, ſuch an Height as a Body by falling freely 
from, would acquire a Velocity equal to that 
with which the Fluid moves. 

XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, Gc. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
Baſe is equal to ſo much of the Bank as is 
below its Surface, and which has half the 
Depth of the Fluid for its Height *, 

If the Preſſure upon every Part of the Bank 
from the Surface to the Bottom, was as great 
as it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to ſo much of the Bank 
as is under the Surface of the Fluid, and 
which has the zwhole Depth of the Fluid for 


its own Dimenſions, and its Height the ſame 1 
with that of the Surface of the Fluid in tie © 
Veſlel : Conſequently this Plane ſupports ſuch | . 
a Column, that is, it is reſiſted by the Stream T 
with a Force equal to the Weight of 2 Co- G ug 
lumn, whoſe Baſe has the ſame Dimenſions {M ; 
with itſelf, and whoſe Height is equal to that ** 
of the Surface of the Fluid in the Veſſel, that 3 


* From hence we ſee the Reaſon, why the Water of the Sea 
or great Lakes is as eaſily kept within their Banks (ſetting 
aſide the Force which ariſes from the Motion of the Waves, 
Sc.) as that of the narroweſt Canal, viz. becauſe the Preſſure 
54 8 is not in Proportion to their Surfaces, but theit 

pths. 
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its Height; for the Preſſure upon every Part 
of the Bank at the Bottom is equal to the 
Weight of a Column, whoſe Baſe correſponds 
to the Part preſſed upon, and whoſe Height is 
that of the Depth of the Fluid ; conſequent- 
ly if the Preſſure was the ſame every where 
rom Top to Bottom, it would be equal to 
the Weight of as many ſuch Columns as would 
anſwer to all the Parts of the Bank : But the 
Preſſure every where diminiſhes in Proportion 
as we approach the Top, where it is Nothing ; 
it is therefore but half what it would be 
in the other Caſe; from whence the Propo- 
ſition is clear. 


HAF. II 


Of the Effects Fluids have on Solids im- 
mer ſed therein. 


[. HE Specific Gravity of a Body is that, 
by which it is ſaid to be heavier, or 
lighter than another of a different Kind: Thus 
Lead is ſaid to be ſpecifically heavier than 
Cork ; becauſe ſuppoling an equal Bulk of 
each, the one would be heavier than the other, 


_* Becauſe the Sum of a Number of Terms in Arithme- 
tical Progreſſion beginning from Nothing, is half the tum of 
an equal Number of Terms, each of which is equal to the 


D From 
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From hence it follows, that a Body, ſpecifi- 
cally heavier than another, is alſo more denſe, 
that 15, contains a greater Quantity of Matter 
under the ſame Bulk, becauſe Bodies weigh 
in Proportion to the Quantities of Matter they 
contain (Part 1. Chap. 3. 9. 7.) 

IT. If a Solid be immerſed in a Fluid of 
the ſame ſpecific Gravity with itſelf, it will 


remain ſuſpended therein, in whatever Part 


of the Fluid it is put. 

Let the Body FGHI (Fig. 12.) be im- 
merſed in the Fluid ABCD to the Depth MN, 
or any other whatever; I ſay, it will continue 
in the ſame Part of the Fluid, when left to it- 
ſelf, without either riſing towards the Surface, 
or ſinking towards the Bottom. 

For, the Body being (by the Suppoſition) of 
cqual Gravity with the Fluid, the Weight of 
the Column KLHI, which conſiſts partly of 
Fluid, and partly of the Body, is the ſame as 
if it had been all Fluid; conſequently HI, that 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is preſſed 
with the ſame Degree of Force, that any other 
Part of the ſame Dimenſions is, and there- 
fore the whole Column KLHI will be ſup- 
ported in its Place. Now, the ſame being 
true of the Column KL.HI, whatever be its 
Length, tis evident the Body will be ſuſpend- 
ed in its Place at any Depth. 
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III. But, if the Body is ſpecifally heavier 
than the Fluid, in which it is immerſed, it 
will ſubſide to the Bottom: For then, in what- 
ever Part of the Fluid it is put, the Column 
KLHI will always be heavier than an equal 
Column, that conſiſts all of Fluid; conſequent- 
ly Hl, that Part of the Stratum MN which 
lies immediately under the Body, will ſuffer 
a greater Preſſure, than any other Part of the 
ſame Dimenſions; and there ore will give way, 
and permit the Body to ſub{ide continually, 
till it reaches the Bottom. 

IV. On the contrary, if the Body is ipeci- 
fically lighter than the Fluid, it will rite to 
the 'Top, in what Part of the Fluid ſoever it 
is put. For then, the Colima KLEI will 
always be lighter than an equal Column 
which is all Fluid; conſequently HI will be 
leſs prefled downwards, than any other Part 
of the ſame Stratum of equal Dimenſions, and 
will therefore continually riſe up, carrying the 
Body with it, till it arrives at the Top. 

V. A Body, being laid on the Surface of 
a Fluid ſpecifically heavier than itſelf, ſinks 
into it, till the immerſed Part takes up the 
Place of a Quantity of Fluid, whoſe \W eight 
is equal to that of the whole Body. 

Let EFGH (Fig. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itt, 
it will fink into it, till the immerſed Part 
IKGH takes up the Place of ſo much Fluid 

D 2 as 
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as is equal to it in Weight. For, in that Caſe, 
GH, that Part of the Surface of the Stratum 
upon which the Body reſts, is preſſed with 
the ſaine Degree of Force, as it would be, 
was the Space IKGH full of the Fluid; that 
is, all the Parts of that Stratum are preſſed 
alike, and therefore the Body, after having 
ſunk ſo far into the Fluid, is in Afquili:riy 
with it, and will remain at Reſt. 

From hence it follows, that a Body is a3 
much ſpeciiically lighter, than the Fluid on 
which it floats, as the immerſed Part is lets 
than the Whole. For, by how much the lets 
the immerſed Part is, ſo much the leſs Fluid 
is equal in Weight to the whole Body; that 
is, the Body is ſo much the lighter in Reſpect 
of the Fluid. And, it the ſame Body be. made 
to float ſucceſhvely in Fluids, whoſe ſpecitic 
Gravities differ among themſelves, (but all ex- 
cced that of the Body ), the lighter the Fluids 
are, fo much greater will be the Part im- 
merſed *, | 

VI. A Body, ſuſpended in a Fluid ſpeci- 
tically lighter than itſelf, loſes a Part of its 
Weight (or rather communicates it to the 


* This Phenomenon is what gave riſe to the Hydrome- 
ter, an Inſtrument of great Uſe in aſcertaining the Genuineſs 
of Liquo:'s; for it rarely happens, that the adulterated and 
the genuine Liquor (however they may agree in Appearancc) 
arc of the ſame ſpecific Gravity, 


Fluid) 
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Fluid) equal to that of a Quantity of Fluid of 
the ſame Bulk. 

Let us, inſtead of ſuppoſing the Body ſuſ- 

nded in the Fluid, imagine it to be away, 
and its Place filled with the Fluid; now 'tis 
evident, this being of the ſame ſpecific Gra- 
vity with the circumjacent Fluid, will be en- 
tirely ſupported by it, or, if we ſuppoſe the 


Body to be of the ſame ſpecific Gravity with 
E the Fluid, it will be wholly ſuſpended by it; 
| we ſce therefore the Preſſure of the circum- 
ambient Fluid, whereby it endeavours to buoy 
up the Body, is equivalent to the Weight of 
ſo much Fluid, as would fill the Place the 
Body takes up. But, ſince the Fluid preſſes 
only on the Surface of the Body, that Preſ- 


ſure is the ſame, whatever be the ſpecific Gra- 
vity of the Body ; the Body theretore loſes ſo 
much of its Weight, as the Fluid would natu- 
rally buoy up; that is, ſo much, asis the Weight 


of a Quantity of Fluid of the ſame Bulk. 


This Propoſition affords us a Method of 
determining the Relation, which the ſpecific 
Gravities of Bodies, whether Fluid or Solid, 
bear to each other. For, whereas by weigh- 
ing a Solid in a Fluid ſpecifically lighter than 
itſelf, we find the abſolute Weight of a Quan- 
ty of the Fluid equal to it in Bulk (v. the 
Weight the Solid loſes) the Relation, that 
Weight bears to the Weight of the Solid, is 
tne Relation of their ſpecific Gravities ; be- 

cauſe 
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cauſe the Weights of Bodies, whoſe Pulks 
are equal, are as their ſpecitic Gravities: con- 
ſequently, if the ſame Solid 1s weighed ſuc- 
ceſſively in difterent Fluids (ail lighter than 
itſelf) we gain the Relation, which the ſpe- Wh 
cific Gravity of each bears to that of the So- IM 

lid, and therefore to one another. Again, .I.“ 
if different Solids are weighed in the ſame ME 


Fluid, the Relation, which the ſpecific Gravicy WR 41 
of that Fluid bears to each Solid is had, and cir 
therefore alſo the ſpecific Gravities of the So- 8 |] 
lids among themſelves “. rou! 
take 
* Upon this is founded the Uſe of the Hydroſtatical Ba- [1 
lance for determining, the ſpecific Gravities both of Solids and 
Fluids. The Practice is thus. Firſt, let the Solid be weigh- the 
ed in Air, that is, out of the Fluid; after ards in it (this ought in it 
to be done by ſuſpending it at one End of the Balance by a 
String, that is as nearly of the ſame ſpecific Gravity with the Part 
Fluid made Uſe of as poſſible, and letting it fink into the Fluid on o 
till it is wholly immerſed below the Surface; if the Flut 1. 
is Water, an Horſe-Hair is moſt convenient to hang the Bod Wl Dea 
at the End of the Balance by) then ſubſtract its Weight in the I\ 
Fluid from its Weight in Air, the Diitercnce is what it loſes in ee 
the Fluid. This done, ſay, by the Rule of Proportion, as the caY 
Weight loſt in the Fluid is to its Weight in Air, fo is Unity, Ti 
or any Number taken at Pleaſure, ro a Fourth, which by its gun 
Relation to the former, will expreſs the Relation of ipc- Se 
cific Gravity of the Solid to that of the Fluid. Thus, the Rc- l hus 
lation, which the ſpecific Gravity of the ſame Fluid bears to th fice o 
of various Solids, or of the ſame Solid to that of various Fluids, 3 
and conſequently the Relation of tlie ſpecific Gravities of ill of th 
among themſelves may be obtained. Air ir 
Out, 
Air ( | 
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r . 
Of the Air. 


. THAT Part of Natural Philoſophy, 

which treats of the Properties of the 
Air, and the Effects of its Preſſure and Z/a/ti- 
city, is called Puernmatics. 

Il. Air is a thin tranſparent elaſtic Fluid ſur- 
rounding the Earth to a certain Height, aud 
taken all together, is called the :mſphere. 

III. Jhat Air is a Fluid, is evident f.om 
the eaſy Paſlage it affords to Bodies moving 
in it: For this ſhews it to be a Body, whole 
Parts eaſily yield to a Preſſure, that is greater 


on one Side than on the other, which is the 


Deanition of a Fluid, 
IV. Air gravitates towards the Earth, or is 


| heavy like other Bodies. 


7 * . 
lo prove this, we have Alundance of Ar- 


guments both from Senſe and Experiment. 


Thus, when the Hand is applied to the Ori- 
ice of a Veſſel, it readily perceives the Weight 
of the incumbent Atmoſphere, as ſoon as the 
Air included in the Veſlel begins to be drawn 
out. Thus, Glaſs-Veſlels exhauſted of their 
Air (if not ſtrong enough to ſuſtain the Pref- 
ſure of the incumbent Atmoſphere) are cruſh- 


| cd to Pieces by the Weight of the Air with- 


out 


1 
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out. When the Air is exhauſted out of a 
Veſlel, the Veſlel weighs leſs than before, 
With a great many more Experiments gene- 
rally mentioned by Authors on this Subject *, 

V. The exact Weight of the incumbent Air 
is determined by filling a Tube with Mercury, 
and immerging the open End in a Veſſel of 
the ſame Fluid: For then the Mercury will 
run down the Tube, till its Surface is fallen 
only to the perpendicular Height of about twen- 
ty nine or thirty Inches above the Surface of 
the Mercury in the Veſlel; if the ſame Expe- 
riment is made with Water, the Surface of it 
will ſtand at about the Height of thirty two 
Feet above the Surface of that in the Veſlel ; 
the Column of Mercury in one Caſe, and the 
Column of Water in the other, exactly ba- 
lancing the Weight of a Column of Air, which 
reaches to the Top of the Atmoſphere, and 
preſſes upon the Surface of the Fluid in the 
Veſlels. This is what is called the Torrice]- 
lian Experiment, from ToRRICELLI the Inven- 
tor, and is the ſame with the common Baro- 
meter. 

From hence it follows (Chap. I. 9. 9.) 
that all Bodies, at the Surface of the Earth, 
ſuſtain as great a Weight from the Preſſure 
of the Air, as is that of a Column of Water, 


* See Boyle's Tracts, or Graveſande Lib, II. P III. 
whoſe 
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S whoſe Height is thirty two Feet, and its Baſe 
equal to the Surface of the Body preſied 
upon *. 
"VI. That the Suſpenſion of the Mercury 
in the Barometer depends on the Preſſure of 
the external Air, is beyond all doubt; for if 
the Barometer 1s included in the Air-Pump, 
the Mercury falls in the Tube, in Proportion 
as the Air 1s exhauſted out of the Receiver ; 
and if the Air is let in again gradually, the 
Mercury reaſcends proportionably, till it reach- 
es its former Height. 

VII. That the Atmoſphere is extended to 
a determinate Height, appears from hence ; 
iz, that when the 'Torricellian Tube is re- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter; 
which is, becauſe a ſhorter Column of Air 
prefles upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmoſ- 
phere. 


* The Preſſure of the Atmoſphere upon every ſquare Inch, 
near the Surface of the Earth, is bout fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whoſe Height 
's thirty Inches and its Baſe one ſquare Inch. For, ſuch a 
Column of Mercury would weigh about fifteen Pounds. The 
Weight of the Atmoſphere therefore, which preſſes upon a Man's 
* is equal to ſo many Times fifteen Pour d, as the Surface 
of his Body contains ſquare Inches. 

The Reaſon, why a Perſon ſuffers no I-corvenie-ce from fo 
great a Preſſure, is owing to the Air included within the Pores 
and Fluids of the Body, which by its Reaction is a Councerpoiſc 
to the Preſſure of the external Air. | 
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VIII. The Elafticity of the Air is that Pro- 
perty by which it contracts itſelf into leſs 
Space, when an additional Preſſure is laid up- 
on its; and recovers its former Dimenſions, 
when the Preſſure is taken off. This is ac- 
counted it diſtinguiſhing Property, all the reſt 
being common to it with other Fluids. 

Of this we have numerous Proofs. Thus, 
a Bladder full of Air being compreſſed by the 
Hand, the included Air gives way; but when 
the Preſſure is taken off, the Air expands it- 
ſelf, and readily fills up the Cavity, or Im- 


preſſion made in the Surface of the Bladder, 


And, if a larger Quantity of Air, than is na- 


turally preſſed into a Veſſel by the Weight of 


the incumbent Atmoſphere, is forced into it 
by the Condenſer (an Engine for that purpoſe) 
and if that Air is afterwards let out by open- 
ing the Veſſel, the Remainder is found to be 
of the fame Weight as at firſt ; from whence 
it follows, that the Air, by means of its Ela- 
ſticity or Spring, drives out all that which was 
forced in by the Condenſer, recovers its for- 
mer Dimenſions, and fills the Veſlel as before. 

IX. From hence, together with what has 
been obſerved about the Preflure of the At- 
moſphere, it follows, that the Air near the 
Surface of the Earth, is compreſſed into a 
much narrower Space by the Weight of the 
Air above, than that which it would natu- 
rally take up, was it free from that ow 
. ä ure ; 
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ſure; accordingly it is found by Experiment, 
that, when the Preſſure of the Atmoſphere is 
taken off from any Portion of the Air, it imme- 
diately expands itſelf into a vaſt Extent. Hence 
it is, that thin Glaſs Bubbles or Bladders filled 
with Air, being included in the Receiver of 
the Air-Pump, are broke in Pieces by the 
Spring of the Air, which they contain within 
them, when the Preſſure of the external Air 
in taken off, Thus a Bladder quite flaccid, 
containing only a ſmall Quantity of Air in it, 
fwells upon the Removal of the external Air, 
and appears diſtended, as if it contained as great 
a Quantity as poſſible. The fame Effect is Rand 

in carry ing a Bladder ſomewhat flaccid to a 
more elevated Place, for there the external 
Preſſure being leſs, the Air included in the 
Bladder is in ſome Meaſure free from the Preſ- 
ſure of the Atmoſphere ; it therefore dilates it- 
= and diſtends the Bladder as in the former 
Caſe. 

X. It is found by Experiment, that the 
Quantity of Space into which Air may be 
contracted by Preſſure, is reciprocally propor- 
tionable to the compreſſing Force. From 
whence it follows, that the Denſity of the Air 
is proportionable to the Preſſure which it - ſa: 
ſtains ; becauſe the leſs the Space is, into which 
a given Quantity of it is contracted, the den- 
er it is. As to the utmoſt Degrees of Expan- 
lion and . the Air is capa- 

2 ble 


br to the Preſſure they ſuſtain. 
See 


38 Of the Air. Part II, 


ble of, they are as yet unknown, In ſeveral Vit 
'Exreriments made by Mr. Bo vH, Air in its cor 
natural State, that is, preſſed only with the 
We gut of the incumbent Atmoſphere, dilated wh 
itſelf, when that Preſſure was taken off, into Ear 
ore than thirteen thouſand Times the Space Ou 
it took up before. And, he was able ſo far Me 
to compreſs it, that it ſhould take up more than five 
hve hundred and twenty thouſand Times leſs Ml deci 
Space than that, into which it would dilate BW unce 
itielf, when free from its Preſſure “. | then 
XI. From this Property it follows, that ME the 1 
the Air in the inferior Parts of the Atmoſ- pute 
phere is more denſe, than that, which is at eig 
great Heights in the ſame; or, that the Den- X 
ſity of the Air decreaſes continually, as ve ſame 
approach the Top of the Atmoſphere. For the Fe 
Denſity of the Air is proportionable to the Force be 
ende: 
* See Beyle's Tracts and Experiments on the Spring and "= 
Preſſure of the Air. 3 
Various have been the Opinions of Philoſophers concerning the IS in 
Cauſe of this prodigious Spring in the Particles of Air; ſome hold- Force 


ing it to depend on their Figure, which they ſuppoſe to reſem: 
ble in ſome Manner little Bundles of Twigs or the Branches of 
Trees; ſome think them like Fleeces of Wool, others conceive 
them as rolled up like Hoops, or the Springs of Watches, and 
endeavou ing to expand themſelves by Virtue of their Texture: 
But Sir ac Neu ton is of Opinion, that ſuch a Texture b 
By no Means ſufficient to account for that vaſt Power of Er- 
panſion obſerved above; but that each Particle is endued with 
a repelling Force which encreaſes as they approach one ano 
ther, and accordingly keeps them aſunder at Diſtances reci- 


ales's Statical Eſſays. Vol. I. Chap. 6. 


with 
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ui which it is compreſſed, and that Force 
ts I continually decreaſes, as we approach the I op. 
i” Was the Denſity of the Atmoſphere every 
ed where the ſame, that is near the Surface of the 


Earth, its Height (as is computed from the 
Quantity of Preſſure it exerts in raiſing the 


ce | 
ar Mercury in the Barometer) would be about 
an ſive Miles. But whereas its Denſity continually 
ef; decreaſes, as we approach the Top, and it is 


uncertain how far the Particles may expand 
8 themſelves, where there is little or no Preſſure, 
E the true Height cannot be obtained. It is com- 
puted to continue of a ſenſible Denſity to the 
Height of about forty five, or fifty Miles. 
XII. The Elaſticity of the Air produces the 
ame Effects with its Preſſure. 

= For, Action being equal to Reaction, the 
Force, which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed; juſt as it 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; 


cage 3 onſequently a Quantity of Air in ſuch a State 
nin of Contraction, as it would be compreſſed in- 
5, An 


o by the Weight of the incumbent Atmoſ- 


ure i pbere, exerts a Force equal to that Weight, 
1 f a Quantity of Air therefore is included in a 
e wo. eſſel, and is of the ſame Denſity with the 
s rec ¶rircumambient Air, its Preſſure againſt the 


Pides of the Veſſel is equal to the Weight of 
e Atmoſphere, * Thus, Mercury is ſuſtained 
| to 
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.mented Spring of the included Air, 
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to the ſame Height by the elaſtic Force of Air 
ineluded in a GlaſG Veſſel, no Way communi. 
cating with the external Air, as by the Weight 
of the Atmoſphere itſelf. 

XIII. The Elaſticity of the Air is augment- 
ed by Heat and diminiſhed by Cold *. For if 
a Bladder, which is about half filled with Air, 
is laid before the Fire, it will, when it js ſuf- 
6ciently heated, be diſtended and burſt. Thus, 
Glaſs Bubbles being laid upon the Fire imme- 
diately burſt with great Violence by the aug 


XIV. The Denity of the Air thus conti 
nually varying, according to the different De- 


grees of Heat and Cold, to which it is expoſed, i A X 
makes it difficult to aſcertain its true ſpecific 75 
Gravity. Riccrorvs eſtimates it to be to that a : 
* This Property is found in all Bodies both Solid ani ; ver- 
Fluid. but in a much leſs Degree, than it is in Air, Thu ays 1 
if a Flask be filled with Water, ory to the lower Pan d laſt; 
the Neck, and is then ſet upon the Fire, the Water, when i aſti 
begins to grow warm, will riſe into the Neck, and conting 
to aſcend, as the Heat is increaſed. And when a Wire « 
Bar of Iron is heated, it is augmented both in Length un 
Diameter. | 
Upon this Property depends the Phznomena cf the Ther 
mometer, which is a Glaſs Bubble with a ſmall hollow Ctr 
ariſing from it. This Bubble and Part of the Stem is uſull 
filled with Mercury, or Spirit of Wine, which will riſe | 
fall in the Stem, as they are affected by the Heat or Co 
of the external Air. If a ſufficient Degree of Heat is ſu 
denly applied to this Inſtrument, the Liquor is obſeryed inds 
deſcend a little before it riſes, becauſe the Glaſs diftendins ; 
ſelt, the Capacity of the Bubble is augmented, beto;e the i he Bo 


cluded Liquor is affected by the Heat. 
| * Sec h 
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Jol Water, as one to a Thouſand: Mrxsennvs, 
as one to one "Thouſand three Hundred: Mr. 
8 Boyte, by more accurate Experiments, found 
© it to be, as one to nine Hundred and Thirty 
eight; and thinks, that, all Things confider'd, 
the Proportion of one to a I houſand may be 
taken as a Medium; for there is no fixing any 
preciſe Proportion, becauſe not only the ſpeci- 
nc Gravity of Air, but that of Water alfo, is 
g continually varying. However, by ſome 2 
riments made ſince with more Accuracy before 
the Royal Society, the Proportion has been fixed 
lat about one to eight Hundred and Eighty. 

XV. Air is neceſſary for the Preſervation of 
Animal and Vegetable Life; neither will Fire 
ubſiſt without it. The Reaſon of this is as 
Net unknown to Philoſophers. Mr. Hates by 
| everal curious Experiments in his Statical Ef- 
| ays makes it probable, that tis owing to its 
Haſticity *. 
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CHAP. Iv. 
Of the Reſiſtance of Fluids. 


is uſuall 

. HE Reſiſtance a Body meets with in 
oat is ft moving through a Fluid, is of three 
bſerre® Winds, The firſt ariſes from the Friction of 
age Je Body againſt the Particles of the Fluid; 


* Sec his Aualyſis of it. Statical Eſſays, Vol. I. Chap. 6. 
the 
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the ſecond from their Coheſion or Tenacity 
among themſe:ves ; the third, from their In- 
activ. ty, or the J endency they have in com- 
mon with other Bodies, to keep the Places 
they poſleſs. 

The firſt, 0/2. that which ariſes from the 
Friction of the Body againſt the Particles of 
the Fluid, is very inconſiderable; for what- 
ever the Weight is, which preſſes the Particles 
of a Fluid together, the Freedom, with which 
a Body moves through it, is not ſenſibly di- 
miniſhed thereby. As was obſerved Chap. I. 
g. 2. in the Notes. 

The ſecond, or that which ariſes from the 
Tenacity of the Particles of the Fluid, is as 
the Time the Body takes up in paſſing thro 


it ©; for the ſhorter the Time is in which the 


* We have a very curious Argument in Confirmation of this, 
and which ar the ſame Time illuſtrates the Manner in which 2 
Body makes its Way through a tenacious Fluid, by Sir /ſzac 
Newton himſelf, in a Poſtſcript to a Letter in the Philoſophical 


Tranſactions No 37t. It is as follows, © Suppoſe Pieces of 


© fine Silk, or the like thin Subſtance, extended in parallel 
Planes, and fixed at ſmall Diſtances from each other, Suppoſe 
then a Globe to ſtrike perpendicularly againſt the Middle of 
© the outermoſt of the Silks, and by breaking through them to 
©* loſe Part of its Motion. If the Pieces of Silk be of equal 
Strength, the ſame Degree of Force will be required to break 
© each of them; but the Time, in which each Piece of Silk re- 
© ſiſts, will be ſo much ſhorter as the Globe is ſwifter ; and the 
© Loſs of Motion in the Globe conſequent upon its breaking 
© through each Silk, and ſurmounting the Reſiſtance thereof, 
vill be proportional to the Time in which the Silk oppoſes it- 
© ſelf to the Globe's Motion; inſomuch that the Globe by the 


© Reſiſtance of any one Piece of Silk, will loſe ſo much leſs of 
© its Motion as it is ſwifter. But on the other Hand, by wat 
muc 
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Force of Coheſion is broke through, the leſs 
Effect it has in reſiſting the Motion of the Bo- 
dy. This Species of Reſiſtance is alſo very 
ſmall, except in glutinous and viſcid Fluids, 
whoſe Parts are not eaſily ſeparated. 

The third Species is the principal Reſiſtance, 
that Fluids give to Bodies, and ariſes from 
their Inactivity or the Tendency the Particles, 
of which they conſiſt, have to continue at Reſt. 
The Quantity of this Reſiſtance depends on the 
Velocity the Body moves with on a double Ac- 
count : For in the firſt Place, the Number of 
Particles put into Motion by the moving Body 
in any determinate Space of Time, is propor- 
tionable to the Velocity wherewith the Body 
moves ; and in the next Place, the Velocity 
with which each of them is moved, is alſo pro- 


© much ſwifter the Globe moves, ſo many more of the Silks it 
© will break through in a given Space of Time; whence the 
Number of the Silks, which oppoſe themſelves to the Mo- 
tion of the Globe in a given Time, being reciprocally pro- 
portional to the Effect of each Silk upon the Globe, the Re- 
ſiſtance made to the Globe by theſe Silks, or the Loſs of 
© Motion the Globe undergoes by them in a given Time, will 
© be always the ſame. 

Now if the Tenacity of the Parts of Fluids obſerves the 
© ſame Rule, as the Coheſion of the Parts of theſe Silks ; name- 
ly, that a certain Degree of Force is required to ſeparate and 
* diſunite the adhering Particles, the Reſiſtance ariſing from the 
* Tenacity of Fluids muſt obſerve th2 ſame Rule, as the Re- 
* ſiſtance of the Silks; and therefore in a given Time the Loſs 
* of Motion, a Body undergoes in a Fluid by the Tenacity of 
* its Parts will in all Degrees of Velecity be the ſame ; or in 


fewer Words, that Part of the Reſiſtance of Fluids, which 
* ariſes from the Coheſion of their Parts, will be uniform. 


F por- 
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portionable to the Velocity of the Body; this 
Species therefore of Reſiſtance is in a dupli- 
cate Proportion, or as the Square of the Ve- 
locity, with which the Body moves through 
the Fluid *. 

II. Farther the Reſiſtance a Body moving 
in a Fluid meets with from thence, may be 
conſidered with Regard to the Fluid; and 
then it will be found to be more or leſs, ac- 
cording to the Denſity of the Fluid. For by 
how much denſer the Fluid is, ſo much the 
greater Number of Particles are to be put into 
Motion by the Body, in Order to make its 
Way through it. 

III. The next Thing to be conſidered is the 
Effects of the Reſiſtance of Fluids upon Bodies 
moving in them ; that is, the Retardation, 
which they cauſe in the Motion of a Body by 
their Reſiſtance, or the Quantity of Motion 
they deſtroy. 


* This may be otherwiſe demorftrated from the twelfch 
Se ction of the firſt Chapter; for from thence it follows, that 
the Reſiſtance a Fluid gives to a Solid agairſt which it 
moves, is proportionable to the Height a Body mult fall from, 
to acquire ſuch a egree of Velocity as the Fluid moves with : 
Bur the Heights Bodies fall from are as the Squares of the Ve- 
locities they acquire by falling ; conſequently the Reſiſtance a 
Fluid gives to a So id, — which it moves, is alſo as the 
S:;juare ot irs Velocity No it matters not, as to the Reſiſt 
ance, whether the Fluid moves againſt the Solid, or whether 
it be at Reſt, and che Solid moves in it; the Reſiſtance there- 
fore which a Fiui: gives to a Solid moving in it, is as the 
Square of the VeluCity, with which it moves. 


And 
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And this, in ſimilar Bodies of equal Magni- 
tudes, is inverſely as their Denſities, or the 
Quantity of Matter they contain ; for by how 
much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it meets with from 
the Fluid. Thus, we ſee the Reſiſtance of the 
Air has a much leſs Effect in deſtroying the 
Motion of an heavy Body, than of a liglit 
one which has the ſame Dimenſions. 

IV. In ſimilar Bodies of equal Denſities, 
but diffe.ent Magnitudes, the Retardation is in- 
verſely as their homologous Sides. For the Re- 
ſiſtance Bodies meet with in a Fluid, is inverſely 
as the Quantities of Matter they contain (by 
the laſt), that is inverſely as the Cubes of their 
homologous Sides; and it is alſo directly as 
their Surfaces, becauſe tis by them that they 
move the Fluid out of its Place; that is, di- 


# rectly as the Squares of their homologous Sides; 
& conſequently the Retardation is inverſely as 
E their homologous Sides“. 


Having given the fundamental Principles of 
tharoftatics, and ſhewn how Fluids, both 
compreſſible and incompreſſible, are diſpoſed 
to act upon each other, and upon Solids iy 


their Preſſure, Motion, Elaſticity, and Rel ſt- 


* Becauſe the inverſe Ratio of the Cubes of any Numbers 


being compounded with the direct Ratio of the Squares of the 
ame, gives the inverſe Ratio of the Numbers themſelves 


1 ance; 
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ance ; I proceed now to account fo tome of 
the more remarkable I'hznomena of Nat e, 
in which they are in Part or altogether co 
cerned: And this I deſign for the Su. jedi of 
the following Dillertations, 
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DISSERTATION I. 
Of Sound. 


HEN the Parts of an elaſtic Body are 
put into a tremulous Motion by Per- 
cuſſion or the like; ſo long as the Tremors 
continue, ſo long is the Air, included in the 
Pores of that Body, and likewiſe that which 
preſſes upon its Surface, affected with the like 
Tremors and Agitations : Now, the Particles 
of Air being ſo far compretled together by the 
Weight of the incumbent Atmoſphere, as their 
repulſive Forces permit, (as has been explained 
Chap. 3.) it follows, that thoſe, which are 
immediately agitated by the reciprocal Moti- 
ons of the Particles of the elaſtic Body, will, 
n their Approach towards thoſe which lie next 
them, impel them alſo towards each other; 
aud thereby cauſe them to be more condenſed, 
ban they were by the Weight of the incumbent 
E Atmoſphere, and in their Return will ſuffer 
tem to expand themſelves again; whereby the 
ike Tremors and Agitations will be propagated 
to the next; and ſo on, till having arrived at a 
@ certain Diſtance from the Body, the Vibrations 
@ caſe, being gradually deſtroyed by a conti- 
aual ſucceſhve Propagation of Motion to freſh 
| Farticles of Air throughout their Progreſs. 


Thus 
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Thus it is that Sound is communicated from . 
a tremulous Body to the Organ of Hearing. : 
Each Vi. cation of the Particles of the ſounding 5 
Body is ſucceſſively propagated to the Particles 1 
of the Air, till it reache: thoſe which are con- / 5 
tiguous to the Tympanium of the Ear, (a fire We | 
Membrane diſtended acroſs it,) and theſe Var- WM \, 
ticles in pe forming their Viorations imp nge WW _ 
upon the ympanum, which agitates the Air p, 
included within it; and that being put into a Wt - 
like tremulous Mot.on, afſects the auditory WF A 
Nerve, and thus excites in the Mind the Sen- in 
ſation or Idea of what we call Sound. | ; 

Now ſince the repulſive Force of each Par- p,. 
ticle of Air is equally d fiuſed around it eve- ca 
ry Way; it follows, tl at when any one ap- c. 
proaches a Number of others, it not only re- ef 


pels thoſe which lie before it, in a right Line; 
but all the reſt, laterally according to their to 
reſpective Situations : that is, it makes them 

g 


| FRY. N a re 
recede every Way from itſelf, as from a Cen- « 
ter: and, this being t:ue of every Partie e, it the 


follows, that the aforeſaid Tremors will te 
propagated from the founding Body in all Di- 
rections, as from a Center: And farther, if 
they are confined for ſorze Time from ſpread- 
ing themſelves by paſſing through a Tube or 
the like, will, when they have paſſed through 
it, ſpread themſelves from the End in every 
Direction. In like Manner, thoſe which pals 


through an Hole in an Obſtacle they meet 
with 
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with in their Way, will afterwards: ſpread 
themſelves from thence, as if that was the 
| Place where they began; ſo that the Sound, 
ng | which paſles through an Hole in a Wall or the 
like, is heard in any Situation whatever, that 
is not at too great a Diſtance from it. Some- 
thing analogous to this we may obſerve in the 
Motion of Waves upon the Surface of a Fluid, 
which are propagated equally through all 
Parts of the Surface in a Circle, though occa- 
honed not by a circular, but reciprocal Motion 
and Agitation of the Finger or any other Body 
ma ſtraight Line. 
| Since the repulſive Force, with which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. 9. 10.) it 
follows, that when any Particle is removed out 
= of its Place by the 'Iremors of a ſounding Body, 
or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 
= repulſive Force of thoſe towards which it is 
impelled, with a Velocity proportionale to 
the Diſtance from its proper Place; Lecauſe 
the Velocity will le as the repelling Force. 
The Conſequence of this is, that, let the 
Diſtance be great or ſmall, it will return to 
its Place in the ſame lime; (for the I me a 
Body takes up in moving from Place to Place 
will always e the ſame, fo long as the Ve- 
locity it moves with is proportiona le to the 
| Diſtance bet cen the Place...) The Time there- 
fore 
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fore in which each Vibration of the Air is 
performed, depends on the Degree of Repul. 
ſion in its Particles: And fo long as that is 
not altered, will be the ſame at all Diſtances 
from the tremulous Body; conſequently, as 
the Motion of Sound is owing to the ſuc- 
cefſive Propagation of the Tremors of a ſound- 
ing Body through the Air, and as that Propa- 
gation depends on the Time each Termor is 
performed in, it follows, that the Velocity 
of Sound varies as the Elaſticity of the Air, 
but continues the ſame at all Diſtances from 
the ſounding Body. 

And as the Velocity, with which Sound i 
propagated, depends on the Elaſticity of the 
Air, ſo it does alſo on its Denſity ; for when 
the Denſity of the Air is angmented, while 
its Elaſticity remains the ſame *, a great Num- 


* Perhaps it will not appear to every one, how the Denſity 
of the Air can be augmented without a proportional Increaſe 
of its Elaſticity ; becauſe ceteris paribus, the nearer the Parti. 
cles approach each other, the ſtronger is the Action of their 
repulſive Force. 

But it is to be conſidered, that when the Air becomes cold- 
er, its Elaſticity is diminiſhed, and then the Particles are 
brought cloſer together by the Preſſure of the Atmoſphere, 
till they acquire an Elaſticity equal to what they had before; 
viz. ſuch as anſwers to the Preſſure they ſuſtain (Chap. 34. 2) 
From hence we may infer, that the Propagation of Sound 1s 
flower in Wirter than in Summer, when the Mercury in the 
Barometer is at the ſame Height; for the Preſſure of the Alt 
being the ſame, its Elaſticity which depends upon it, is ſo too; 
but the Air is denſer by Reaſon of the Cold, and therefore in 
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r is der of Particles will move forwards and back- 
pul- wards in each Vibration; now, ſince we ſup- 
t is MW poſe the Cauſe by which they put each other 
Aces into Motion (=. their Elaſticity,) the ſame, 
as they will each receive a leſs Degree of Velo- 
ſue- city; and fo the Vibrations will ie performed 
ad- in a longer Time, whence the Succeſſion of 
opa- WW them will be flower, and the Progreſs of the 
or is Sound proportionably retarded *. 
city Wbereas the undulatory Motion of the Air, 
Air, which conſtitutes Sound, is propagated in all 
from Directions from the ſonnding Body; it will 
| frequently happen, that the Air, in perform- 
nd is ing its Vibrations, will impinge againſt vari- 
f the ous Objects, which will reflect it back, and 
when 
while BE »The Method of determining the Velocity with which 
Jum- & Sound is propagated, is (by the Help of a ſhort Pendulum) to 
Num eſtimate the Time, which paſſes between ſeeing the Fire of a 
I Gun at a Diſtance, and hearing the Report. Its great Velocity 
Denſity makes it difficult to be determined exactly; accordingly Au- 
ncreaſe tors differ much in their Accounts. The moſt accurate Ob- 
e Parti- ſervers Dr. Halley and Dr. Durham have found it to be about 
of their one Thouſand one Hundred and Forty two Feet, which is a}- 
moſt a x eg of a Mile, 1n a Second. | 
es cold- I be uſual Experiments to prove that the Air is neceſſary for 
les are the Propagation of Cound, are ſuch as theſe. A ſmall Bell, be- 
xſphere, ing put into the Receiver of the Air- Pump, may be heard at a 
before ; conſiderable Diſtance, before the Air 1s exhauſted out of it; bur 
z 6. 2) when the Air is much rariked by exhauſting, can ſcarcely be 
Sound 15 heard at all When the Air is condenſed, the Sound is aug- 
y in the mented in Proportion to rhe Condenſation. Theſe Experiments 
the Alt do not only ſucceed in forced Ra efactions and Condenſations, 
s ſo too but in ſach alſo as are Natural; Sound being obſerved to be 
e fore 1 much weaker on the Tops of high Mountains, where the Air 


bless condenſed by the Weight of the incumbent Atmoſphere, 
than in the Valleys below. 
8 ſo 
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ſo cauſe new Vibrations the contrary Way ; 
now, if the Objects are ſo ſituated, as to re- ; 
fle& a ſufficient Number of Vibrations back 
(viz. ſuch as proceed different Ways) to the 
ſame Place, the Sound will be there repeated, 


and is called an Echo. And, the greater 
the Diſtance of the Objects is, the longer will t 
be the Time, before the Repetition is heard, 
And when the Sound in its Progreſs meets with MW 
Objects, at different Diſtances, ſufficient to | 
produce an Echo, the ſame Sound will be re- 4 
peated ſeveral Times ſucceſſively, according WW © 
to the different Diſtances of thoſe Objects from IM is 
the ſounding Body; which makes what is call- ¶ it 
ed a repeated Echo. F 
If the Vibrations of the tremulous Body are w 
propagated through a long Tube, they will be be 
continually reverberated from the Sides of the WF tb 
Tube into its Axis, and by that means pre- I 
vented from ſpreading, till they get out of it; 
whereby they will be exceedingly encreaſed a 
and the Sound rendered much louder than i: 
would otherwiſe be f. — 
1 
* In V codſfock Park near Oxford, there is an Echo, which like 
repeats diſtinctly ſeventeen Syllables by Day, and twenty by 1 
Night. See FPlot's Natural Hiſtory of f 5 
he Reaſon, why it repeats more Sy llables by Night, tha: . 
by Day, is — the Air, being colder at that Time, i ng 
more denſe; and therefore the Return of the firſt Vibrations | E, E 
being ſlower, gives Time for the Repetition of more Sy llables to G 


1 This is the Caſe in the Stentorophonic Tube or Speaking: 
rumęet. 
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The Difference of Mica] Tones depends 
on the different Number of Vibrations com- 
municated to the Air, in a given Time, by the 
Tremors of the ſounding Body; and the 
quicker the Succeſſion of the Vibrations is, 
the acuter is the Tone, and e contra. 

A muſical Chord performs all its Vibrations, 
whether great or ſmall in the ſame Time. 
For, if a String is ſtretched between two Pins, 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; it 
is found by Experiment, that the Diſtance (if 
it be ſmall) to which it is drawn, is as the 


| Force applied; conſequently the Velocity, 
with which it returns, when left to itſelf, will 
be as the Space it has to move over; it will 
E therefore perform all its Vibrations in the ſame 
Time: This is the Reaſon why the ſame Chord, 


: Trumpet. See Kircher de Be Muſica. Lib. 9. Par. 4. Ode 
& Philoſ. Natur. Princip. p. 293. 


Upon this Principle it is, that Sound is conveyed from one 


E Side of a 1 to the oppoſite one, without be- 
ing perceived 

2 Whiſpering- 
like arched Figure; and the Progreſs of the Sound through it 


4 thoſe who ſtand in the Middle The Form of 
allery is that of a Segment of a phete, or the 


may be il luſtrated in the following Manner 
t ABC (Fg. 14.) repreſent the Segment of a Sphere; 
and ſuppoſe a low Voice uttered at D, the Vibrations expand- 


ing themſelves every Way, ſome will impinge upon the Points 
E, E, &c. from thence * reflected to the Polnts , from thence 


| t0G, and fo on, till they all meet in C; and by their Union 


there cauſe a much ſtronger Sound, than in any other Part of 


FE the Segment whatever, even at D the Point from whence 


they came. 
| G 2 how- 
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however ſtruck, produces the ſame Note. It 
is aiſo found oy Experiment, that when Strings | 
of equal Diameters, but different Lenyths, ; 
are equally ſtretched, the longer they are, ſo 
much the leſs Weights wil! draw them from ; 
their rectilineal Situat:on to the ſame Diſtance, 5 
the Forces therefore by which they return I 
are leſs, and the Times of their Vibrations : 
longer. i 

When two Chords preform their Vibra— y 
tions in equal Limes, the Tone produced is a 
called an Uiſon. If one performs two, while . 
the other one; "tis an Cate. If one three, 5 
while the other two; 'tis a Fifth. If one " 
three, while the other four ; tis called a N 
Fourth, &c. wi 

To make an Uniſon Sound, it is not neceſ- tro 
fury, that the Vibrations of the two Strings art 
ſhould actually concur, but only that they 4 
fhould be performed in equal Times ; ſo tba: 4 
they would always eoncur, if they began at of 
the ſame Infant, For the Ear perceives not 4s 
the tingle Vibrations diſtinctly, but only finds Vit 
that Difference, which proceeds from the In- = 
teryals of Time, that paſs between them *. he 

* Upon theſe Principles we account for that remarkable — 
Phznomenon in 4/vſte, that an intenſe Sound being raiſed, Moi 
either with the Voice or a ſonorous Body, another ſonorous Bo- voie 
dy near it and in Uniſon with it, will thereby be made to ſound. raiſe 
For the Vibrations of the Air, which correſpond to the Tre- the 
mors of the firſt ſounding Body, agreeing exactly, in Point of too 1 


Tire, with zhoſe, which are capable of being given to . 
other 
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other Body at Uniſon with it; when they have by their firſt Im- 
pulic communicated a ſmall Degree of Mottor ro it, will, b 
conſpiring with it as it moves forwards and back wards, conti 
nually increaſe its Motion, till it becomes ſenſible The con- 
trary happens in Strings which are ir Diſco d with each other; 
for in this Caſe, though the firſt Vibration of one may give 
Motion to the other, yer thei Vibrations not being pertorii.ed 
in equal Times, the ſecond will come unſeaſonabiy, i e. when 
the other is moving the contrary Way, and obſtruct its Motion. 
It is farther oblervable, that in two Strings, one of which vi- 
brates twice, while the other once; if the firſt be ſounded, 
the two Extreams of the other will each ſound an Uniſon with 
it, while the middle Point remains at Reſt So if one vibrates 
thrice, while the other once, the laſt will be divided into three 
Parts each of which will ſound an Uniſon with it, ard the rwo 
Points between thoſe Parts will rem in at Reſt. For other- 
wiſe that which vibrates twice, while the other once, muſt ne- 
ceſlarily interfere with it at every ſecond Vibration; and that 
which vib ates thrice, while the other once, would interfere 
with it at every third; fo that it would not be put into a ſuffi- 
cient Motion to produce a Sound. But, when it is divided 
by the quieſcent Voints, it becomes ſo many Strings at U iſon 
with the fo:mer, each of which eaſily receives its Vibrations 
from thence. 

From hence likewiſe it is, that, if we t ke two or three 
drinking Glaſſes, and put ſome Water or other Fluid into each 
of them, and place them near to each other, taking Care to fill 
them, to ſuch Heights, that hen ftruck) their Tos es ſhall 
be in Uniſon; and then, if we ſlide the Finger along the Brim 
of one of the Glaſſes, preſſing pretty —— upon it, (which 
will cauſe it to ſound we ſhall ſee the Surface of the Fluids 
in the other Glaſſes begin to tremble; which ſhews that tie 
Vibrations of the firft Glaſs cauſe the like in the other at 
Uniſon with it; though not perhaps in a Degree ſufficient to 
produce a Sound, ſtrong enough to be heard diſtinctly from 
the former. 

Thus it is that ſome Perſons are able ro break a drinking 
Glaſs by a Tone of their Voice at Uniſon with it. They firſt 
try the Tone of the Glaſs by ſtriking ir, then applying their 
Mouth near to the Brim of it, ſound the ſame Note with their 
Voice: this ſets the Glaſs a trembling ; they then continually 
raiſe their Voice, ſounding ſtill the ſame Note; this encreaſes 
the Tremors of the Glaſs, which by that Means (if it is not 
too ſtrong) is broke iu Pieces. 
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The Effect of Muſic upon Perſons bit with the Tarantula, (it 
the Accounts we have of it from Abroad may be credited) i; 
very ſurpriſing. A Perſon bit with the Tarantula after ſome 
Time loſes both Senſe and Motion, and dies if deftitute of 
Help. The moſt effectual Remedy is Huſic. The Muſician 
tries Variety of Airs, till he hits upon one that affects the Pa. 
tient, who upon that begins to move by Degrees; firſt keeps 
Time with his Fingers, Arms, and Legs, afterwards is vio- 
lently agitated in every Part of his Body ; and then leaps up, 
begins to dance, and increaſes in Activity every Moment; till 
after five or fix Hours, being very much fatigued, he is put to 
Bed and left to ſwear. The next Day the ſame Air brings 
him out of Bed for a new Dance. Which Exerciſe being thug 
continued, the Diſtemper is abated in the Space of four or five 
Days, the Effects of the Bite being in ſome Meaſure carried 
off by Sweat, and the Patient begins then to recover his Senſe 
and Knowledge by little and little. 

The Reaſon why the Patient is thus affected by the A/uſic, is 
becauſe the Nerves of his Body are ſo diſpoſed in that Diſtem. 
per, as eaſily to be agitated by the Vibrations which are occa- 
fioned by the Principle and ſtronger Notes of what is played. 


See on the Subject of this mme nr. Tranſact. 
No. 134, 243, 302, 313, 319, 337. Hiſt. de I'Acad. 1702, 
1708. Gree's Coſmolog. acr. Book I. Chap. 5. Mead upon 
Poiſons, p. 59. Keil's Anatomy, p. 2 4. Baglivi Prax, Medic. 
Diſſert J. Bellini de Urinis & Pulſibus, &c. ſub fine Capilis 
de Mania. 
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Y aCapillaryTube is generally underſtood 
| a Glaſs Pipe; the Diameter of whoſe 

* Bore is at moſt but about one tenth of an Inch; 
0 | 0 . 

brings though any Jube whoſe Cavity does not ex- 
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tho ceed that Magnitude, may be ſo called. 
Ir hve 4 * 1 . 
arried W& The Phanomena of Capillary "Tubes being 


Senſe WE ſuch as contradict a known Law in Hydroſta- 
„% s rice, viz. that a Fluid riſes in a Tube to the 


item. ¶ ſame Height with the Level of its Source * ; 
el. and likewiſe of Aﬀinity with the Aſcent of the 


dap through the Stems of Plants tor the Nou- 


2 riſnment of their Fruit, and with divers other 
Ho Operations of Nature: it has been thought 
Medic. Bi 1 no ſmall Moment in Philoſophy to find 
©?" cout and eſtabliſh their true Cauſe ; which af- 
ter numerous Experiments and ſeveral Con- 
jectures about it, is found to be no other than 
the Attraction of Coheſion ; by which tmall 
Particles of Matter mutually adhere together 
and form larger Bodies f. I ſhall lay down 
2 
* See Chap. I 6. 9. Caſe 4 in the Notes 
t See Hauksbee's and Power's Experiments. Auſſchenbroeck 
) I S 4 Edit Philoſoph Tranſat. No. 355 Mem. de Acad, 


& 1795, 1714, 1722, 1724 With others referr'd to in Quaſti- 
| Ons Philoſoph. 2 2 
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that every Particle of the inner Surface of the 
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the ſeveral] Phenomena, as ſo many Matters of 
Fact; and ſub join to each a Solution from that 
Cauſe. In Order to which, it may not be im- 
proper to premiſe the following Conſideratio sg 
by Way of Lemma. 

Let us ſuppoſe the Veſſel ABCD (Fir. 15 
filled with a Fluid to the Height LM, and 
let it be conceived as divided into the equal 
Portions EFGH, GHIK, IKLM, Gc. tar- 
ther, let it be ſuppoſed, that each Particle of 
Matter in the inner Surface of the Veſſel, has 
a Sphere of Attraction, whoſe Semidiameter 
is equal to the Breadth of three ot thoſe Por- 
tions ; that is to ſay, that the Attraction of 
the Particle M reaches upwards as far as P, 
and downwards as far as S; and that of the 
Particle O, upwards as far as H, and down- 
wards as far as U; and fo of all the reſt quite 
round the fube. From hence it will follow, 


Veſſel, which lies between EF and RS con- 
ſpires in endeavouring to raiſe the Fluid to- 
wards AB the Top of the Veſlel ; and that 
the Fluid is not affected by any other. For 
Inſtance, the Particle S, and all below it, will 


chat ; 


attract downwards three Strata of the Fluid 18 
(ſuch as are contained in three equal Diviſions Mcref 
of the Veſſel) from above, and as many up — 
wards from below; and therefore will have no get 


| Fluid 
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Effect at all in raiſing or depreſſing the Fluid 


But the Particle Q will attract only two 12 
ow. 


UI. x 
Diſſert. 2. ©f Capillary Tubes | 
Js Q 


8 Ol 
hat downwa 
T9 rd . — 
im. © and ah becauſe there are 
ee, upwards, anc no more abov 
107 | ſome Meaſure t 85 and therefor : Ove 
Parti 8 end to raiſe * e will in 
Particle O will iſe the Fluid; 
159 and three upwa attract but one d K 
and } Wards, and three article MI non d 
ual upward upwards; th N 
q 3 S and H onl $ CHE Particle K tw 
tar. f clearly be ſeen by th ; nods All which ot 
le of Ml with R n by their Situations 1 may 
* 0 ; eſpect to the 8 ations in the Figur 
5 has 2 Therefore in every 1 Surlace cf th 5 ne 
notes tual Attracti ry Veſlel, wher he Fluid, 
pr and t! Partiel between tho Fl: ne 
Re” and the Particles n the Fluid 1 285 
| q es of which it 1 t contains 
1 - * INS 
on my be a certain N 77 compoſed, there 
as P, around it in Forn , articles di 
. orm of icles diſpoſed 
of che | Jone 7 - 2 A bro: 1 Cc 
N. * 5 55 e by AB 8 Cripnery or 
Ir Is es nh ; #3 7F l 
: quite | half 55 above the "BOK » 205 I 6 ;) half 
ollow 8 wards it, that will tend ze Fluid and 
ollow, Wl © the Lo * to make it ri 
bollowi Pe This be! riſe to- 
of the ly Ph. ein Lf 
| Z hxnomena wil 5 underſtood the 
S con- 5 à will not be difficult 4 
5 4 hav — . 
- © 1 / 7 3 _ more particular in EX Jn. 
5 2 3 of the A P eriprery of ANY this Lem- 
. o' : i es diſtended e oh img, but a Z aQtin, to which 
if, will . 8 2 Fluid; eb both r e e of 
Flut of the 8 Sof it, that . Solutions depend adth of this, 
iviſl . phere of Att Ou tely is equal : As to the 
111013 berefore Veſſ. raction in the P qual to the Semidi 
ane u Piel chat els, whoſe Sides a ie Particles of the V liameter 
y 0" Wa have difpere Thickneſſes . of different Thickr 2 and 
have 10 as yet bee ent Effects upon 22 that Senad es (ꝓrc- 
Fluid Pluid wi n ſo accurate a ame luid, tho: eter) muſt 
4 * willi not riſe in a 14 to obſe rve it. The og no one has 
o Strata ry, is becauſe the * Veſſel, as well a Ren why a 
traction of . =. 5 in one that is 
its Par 


Peach far enoughi 
b - 
gh into the * the Veſſel; and 
: and therefore 
ie 


dow 


bo Of Capillary Tubes. Part Il, 


I. Let there be two Capillary Tubes AB 
and CD (Fig. 17.) open at both Ends ; and 
taving their lower Orifices A and C immer- 
ged below the Surface of the Water contained 
in the Veſſel FGHI : The Water will imme- 
diately riſe up in each 'Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually decreaſe ; till 
as much Water has entered the Tubes, as they 
are able to raiſe: And the Heights to which 
the Water will riſe in them, will be recipro- 
cally as their Diameters. 

That the Water ought to riſe in both Tubes 
is an immediate Conſequence of the foregoing 
Lemma; becauſe the Column of Water with- 
in the Tube is rendered lighter than an equal 
Column on the outſide, as being attracted up- 
wards by a Portion of the interior Surface of 
the Veſlel; and therefore will riſe till it be- 
comes as much longer than the external ones 
as it is made lighter ; that the Ægquilibriun, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 
Column. The Reaſon that the Velocity with 
which it riſes, ought conſtantly to decreaſe, is 
becauſe the heavier the Column is, the leſs i- 
the Effect of the Attraction, which is always 
the ſame in a Tube of the ſame Diameter, 


it only riſes about the Sides, ſtanding higher there than in the 
Middle: As may be ſeen in a Drinking-Glaſs, when a Quantity 
of Water is put into it, ſome what leſs than is ſufficient to All it. 
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And laſtly, the Heights to which the Water 
riſes in them, will be reciprocally as their Dia- 
meters; for then the Quantities raiſed will be 
directly as the Diameters * ; but the Peripherics 
that raiſe them, (being always of the ſame 
Breadth and having their Lengths equal to the 
Circumferences of the Tubes,) are as thoſe Di- 
ameters ; the Quantities of Water therefore, be- 
ing in the ſame Ratio, are as the Peripheries, 
i.e. as the Cauſes by which they are raiſed, 

II. If the Tubes, before they are immerged 
in the Water, are filled to greater Heights, 
than thoſe to which it would naturally riſe in 
them; and then have their lower Orifices im- 
merged in Water, the Water will ſubſide till 
it ſtands in each at the ſame Height to which 
it would have riſen; but, if they are held in 
4 perpendicular Poſition without being immer- 
ged, the Water will not ſubſide in the Tubes 
ſuite ſo far. 

The Reaſon why the Water in the Tube 
when its lower Orifice is immerged, ſubſides 
to the ſame Height it would have riſen to, had 


* The Heights to which the Water riſes, being in a recipro- 
cal Ratio of To Diameters; and the Contents of Cylindrical 
Tubes being in a dire& Ratio of their Heights, and of the 
Squares of their Diameters ; the Quantitics of Water raiſed in 
this Caſe will be in a reciprocal Ratio of the Diameters, and 
a direct one of the Squares of the ſame. Now theſe two Rario's 
being compounded together, give the direct one of the Dia 
meters themſelves ; becauſe the ſimple reciprocal Ratio deſtroys 
one of thoſe, which are contained in the direct one of the 
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the Tube been immerged when empty, is be. 
cauſe the Column is ſuſpended itt one Caſe by 
the ſame Cauſe, by which it is raiſed in the 
other; but when the Tube full of Water is 
held erect, without being immerged, it will 
not ſubſide quite ſo far; becauſe the lower End 
of the Tube, which the Water leaves behind 
it as it drops out, attracts it the contrary 
Way ; ſo that the Column in this Caſe is ſuſ- 
pended not only by the inner Surface of the 
Fube at the Top, but alſo by its lower End; 
and therefore a greater Quantity of Water is 
ſuſpended than in the former Caſe. 

III. It a Tube, having its lower Orifice im- 
merged in Water, be held obliquely, it will 
raiſe the Water to the ſame perpendicular 
Height, as when held erect. 

For ſince Fluids preſs according to their 
perpendicular Heights, the Weight of the Co- 
lumn raifed will not be proportionable to the 
attractive Force of the "Tube, till it has arrived 
at the ſame perpendicular Height, to which it 
would have roſe, it held erect. 

IV. If a Tube, when the Water is riſen in- 
to it to its wonted Height, is laid in an Hori- 
zontal Situation, the Water will move towards 
the Middle of the Tube, leaving the End 
which was immerſed a little behind. 

The Solution of this Phænomenon depends 
on what was obſerved in the Lemma about 


che Breadth of the attracting Periphery, and 
| 5 ws 
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its being equally ſituated on each Side the 
Surface of the Water; for from thence it fol- 
lows, that if the Water ſhould not run from 
the full End of the Tube, after it has laid in 
an Horizontal Situation, but remain contiguous 
to it; that End of the Column of Water would 
be attracted only by ſuch a Portion of a Peri- 
phery as lies within its Surface at that End; 
becauſe the End of the Tube coinciding with 
the Surface, the other Half of the Periphery 
is wanting. Whereas, at the other End of 
the Column, there is a Periphery whoſe Breadth 
is entire; which overpowering the other, 
cauſes the Water to move towards the Middle 
of the Tube, till as much Periphery is leſt be- 
hind, as can at once affect the Water by 


the Attraction of its Particles; after which 


the Water being attracted equally each way, 
remains at Reſt. 

V. Jet there be a Tube (Fig. 18.) con- 
fiſting of two Parts DR and RCK, of diffe- 
rent Diameters; it follows from what has been 
ſaid, that DR the ſmaller Part of the Tube, 
is able to raiſe Water higher than the other: 
Let then the Height to which the larger would 
raiſe it be TF, and that to which it would 
riſe in the leſſer (was it continued down to 
the Surface of the Fluid) be XL. If this com- 
pound Tube be filled with Water and the 
larger Orifice CK be immerſed in the ſame 
Fluid the Surface of the Water will ſink na 

farther 
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farther than XL; the Height to which the 
lefler Part of the 'Tube would have raifed it. 

But if the Tube be inverted as in Fig. 19, 
and the ſmaller Orifice XL be new the 
Water will run out till the Surface falls to TF ; 
the Height to which the larger Part of the 
Tube would have raiſed it. The Size of the 
lower Part making no Alteration in the 
Height, at which the Fluid is ſuſpended in 
either Caſe, 

In order to account for theſe Phænomena, 
it muſt be conſidered, that when a Body is fo 
diſpoſed, that its different Parts ſhall move 
with different Degrees of Velocity, the great- 
er Proportion the Velocity of that Part to 
which a moving Power is applied, bears to 
that of the reſt; ſo much the more effectual 
is the Power in moving that Body ; or that 
the ſame Power applied to different Parts, will 
be equivalent in Effect to different Powers 
applied to the ſame Part: As is the known 
Caſe of the Lever, and all the other Mechani- 
cal Powers. 

Now let us conceive the Tube DR (Fig. 
18.) continued down to HI, and let it be 
ſuppoſed at preſent that the Fluids contained 
in the Tube XLHI and the compound one 
XLKC, are not ſuſpended by the Periphery 
at L, but that they preſs upon their reſpective 
Baſes HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each of them OTE 

| an 
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and that they are raiſed up or let down with e- 
ual Velocities; then will the Velocity with 
which XL the uppermoſt Stratum of the Fluid 
XLCK moves, exceed that of the ſame Stratum, 
conſidered as the uppermoſt of the Fluid in the 
Tube XLHI, as much as the Tube RCK 
is wider than DR (by the Zemma Chap. 1. 
(. 9.) that is, as much as the Space MNKC 
exceeds XLIH ; conſequently by the foregoing 
| Obſervation, the Effect of the attracting Pe- 
riphery XL, as it acts upon the Fluid con- 
tained in the Veſſel XLCK, exceeds its Effect, 
as it acts upon that in XLHI, in the fame 
Proportion. Since therefore it is able (ex 
Hypot h.) to ſuſtain the Weight of the Fluid 
XLHI by its natural Power, it is able under 
this Mechanical Advantage, to ſuſtain the 
Weight of as much, as would fill the Space 
MNKC : But the Preſſure of the Fluid XLCK 
is equal to that Weight, as having the ſame 
Baſe and an equal Height (Chap. 1. f. 9.) its 
Preſlure therefore, or the Tendency it has to 
deſcend in the Tube, is equivalent to the Pow- 
er of the attracting Peripbery XL, for which 
Reaſon it ought to be ſuſpended by it. 

Again, the Height (Lig. 1 at which 


the attracting Per iphery in the larger Part of 
the Tube is able to ſuſtain the Fluid is no 
greater than NF, that to which it would have 
raiſed it, had the Tube been continued down 
to MN. For here the Power of the attract- 


mg 


66 Of Capillary Tubes, Part II. 


ing Periphery acts under a like Mechanical 

Diſadvantage; and is thereby diminiſhed in 
Proportion to the Capacity of the Tube TFN 
to that of HIXL; becauſe, if the Baſes of 
theſe Tubes are ſuppoſed to be moved with 
equal Velocities, the Riſe or Fall of the Sur- 
face of the Fluid 'TFXL would be fo much 
leſs than that of 'TF MN, And, whereas 
the attracting Periphery TF is able by its na- 
tural Power to ſuſpend the Fluid only to the 
Height NF in the Tul e TFMN]; it is in this 
Caſe able to ſuſtain no greater Preſſure than 
what is equal to the Weight of the Fluid in 
the Space HIXL :: but the Preſſure of the 
Fluid '"TFXL which has equal Height and the 
ſame Baſe with it, is equal to that Weight; 
and therefore is a juſt Aquipondium to the at- 
. tracting Power. 

VI, From hence we may clearly ſee the 
Reaſon, why a ſmall Quantity of Water put 
into a Capillary Tube, which is of a Conical 
Form and laid in an Horizontal Situation, 
will run towards the narrower End. For let 
AB (Jig. 20.) be the Tube, CD a Column 
of Water contained within it ; when the Fluid 

moves, the Velocity of the End D will be to 
that of the End C reciprocally as the Cavity 
of the Tube at D, to that at C (by the Lem. 
ma Chap. 1. g. 9.) that is, reciprocally as the 


Square of the Diameter at D, to the Square 
0 
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of the Diameter at C *; but the attracting Pe- 
| riphery at D is to that at C, in the {imple Ra- 
tio of the Diameter at D, to the Diameter at 
C. Nov, ſince the Eflect of the Attraction 
depends, as much upon the Velocity of that 
Part of the Fluid where it acts, as upon its 
natural Force, its Effect at D will be greater 
E than at C; for though the Attraction at D 
be really leſs in itſelf than at C, yet its Loſs 
of Force upon that Account, is more than 
compenſated by the greater Velocity of the 
Fluid in that Part: the Fluid will therefore 
move towards B. 

VII. From hence likewiſe it follows, that 
if a Veſſel as ABC (repreſented Fig. 21.) of 
any Form whatever, have its upper Part drawn 
out into a Capillary Tube as B; and if this 
Veſlel is filled with Water, and have its lower 
Orifice placed on FG the Surface of the ſame 
Fluid ; then the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at the 
Top be ſmall enough, (was it continued down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becauſe, by Propoſition the fifth, the 
lower Part of the 'Tube makes no Alteration 
| in the Height, at which the Capillary B is able 
to ſuſtain the Fluid. 

VIII. And if the ſame Veſlel be filled only 
to the Height DE (Eg. 22.) and a Drop of 


* 12. A. 2. 
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Water be put into the 1 at B, (the in- 
termediate Part BDE being full of Air) the 


Water will continue ſuſpended at the Height 
DE. | 
For, although the Fluid ACDE is not in 5 


Contact with the Drop of Water in the Ca- 
ri lary Tube, and therefore not immediately 
ſupported by it; yet the Preſſure of the At- 
moſphere upon the Surface FC, and againſt the 
upper Part of the Drop in the Capillary B 
keeps the Fluid ADEC, and the Drop and the 
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intermediate Air from ſeparating, juſt as in o 
the former aſe the Attraction of Coheſion 
in the Particies of the Water prevented a B 
Separation between that in the Veſſel and 50 
that in the Capillary. Conſequently, as the Ly 
Water in the Capillary was able in the former an! 
Caſe ro ſuſtain as much Fluid as the Veſſel of 
could contain, it is now ſufficient to ſuſtain the F. 
13 4% [] 
luid ADE C“. ae 
IX, Let there be a Capillary Siphon, as C 
that repreſented Fip. 23, 24 or 25, and let EF Hei 
be the Height, to which Water might be raiſed C 4 
by a Periphery equal to that at A. Now, ſince ſu, 
* This happens quite otherwiſe in Vacuo, becauſe the Preſ- X 
ſare of the Air, which as it where connects the Drop with the the 
Water ADEC, being wanting, it immediately falls for Want fore 
of a Support. Whereas the former Phenomenon equally ſuc- Di g 


ceeds in Vacuo; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the 
Capillary by their own mutual Attraction of Coheſion, there 
be ing nothing elſe whereby they can be ſupported. 0 
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(as was obſerved g. 2.) the lower Fad of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwite would 
be; that is, it ſupports a ſhort Column beſides 
that which is ſuſtained by the attracting Peri— 
phery; let HI be the Height of ſuch a Co- 
lumn as might be ſuſpended by the End C: 
then, if any of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run out of 
the Tube at C, if CD the Dillerence of the 
Legs exceeds EF and HI added together, 
otherwiſe not. 

For the Column AB is a Counterpoiſe to 
BD, being of the ſame perpendicular Height; 
and therefore it is only the Weight of the Co- 
lum CD, which determines the Fluid to move; 
unleſs that Weight therefore exceeds the Force 
of the attracting Periphery at A (which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what may be ſupported by the End 
C, that is, (ex Fhypoth.) two Columns whoſe 
Heights are EF and HI, it cannot run out at 
C; otherwile it will, as being deſtitute of a 
ſufficient Support. 

X. If the End A is immerged in Water and 
the other not (ſuppoſing the Tube full as be- 
fore,) it will run out at C, though CD the 
Difference of the Legs, only exceeds HI. For 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but the 


12 Power 
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Power the End C has to prevent Drops from 
falling off it. 

XI. Again, if the End C is immerged in 
Water, Had the other not) it will run out at 
C, if CD exceeds EF, otherwiſe not. 


For in this Caſe, there is nothing to ſupport - 


the Column CD, but the attracting Periphery 
at A, whoſe Power is ſuppoſed able to raiſe a 
Column as EF, and no more. 

XII. And, if both Ends are immerſed (the 
Tube being ſuppoſed full as before) the Wate: 
will run out at the lower, which ever it is. 
For then the Attraction of both Ends ceafes ; 
and the longer Column over-balancing the 
ſhorter, the Fluid is determined thereby to run 
out at the lower End. 

XIII. If either of the Tubes (Fig. 23 or 24.) 
are ſmall enough to raiſe the Water from A to 
B, and if the Orifice A is immerged, the Fluid 
will riſe to B, paſſing on to C, where it will 
run out or be ſuſpended according to the fore- 
going Caſes : but if the Periphery at G (Fiz. 
25.) is ſuch as would not ſupport the Fluid 
higher than AM, it will ſtop when it comes 
at G, and only the Part AEG will be filled 
with it. 

For that Fluid which has paſſed B aſſiſts by 
its Weight the attracting Periphery in raiſing 
the Column AB, and therefore it runs down to 
C. But, if when it comes to G, the Periphery 
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| the Difference of the Legs AB and BG, the 


. 

Fluid muſt neceſlarily ſtop there; ſince BG 
n | is no more than a Counterpoiſe to MB, and 
at AM is ſuppoled to be as much as the Periphe- 


ry at G can ſuſtain, 

| XIV. Tho' a Capillary Tube be ſhorter than 
the Height to which its attracting Periphery is 
able to raiſe a Fluid, ©. g. tho' the Tube AB 
(Vg. 26.) be ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yet when 
tte End A is immerged, the Fluid will not 
run out at B, but only be ſuſpended at that 
d Height. 

Por when the Fluid is riſen as high as B, 
it has then no more Periphery above it, to at- 
tract it any farther; and if it was forced up a 
little higher, it would be attracted back again 
by the End *. 

XV. The Aſcent of different Fluids in the 
tame Tube is various. Muſſchenbroek has found, 
| that in a Tube in which Water will riſe to 
the Height of twenty ſix Lines, Oyl of Worm- 
wood will riſe but eighteen or nineteen, where- 
as Urine will riſe thirty three or thirty four. 


Hence we ſee the Abſurdity of ſuppoſing that a Fluid may 

be made continually to flow from a lower Place toan higher b 
8 by a Capillary Tube, as ſuch ; for whether the Tube be of fuck, 
il ng Form, as is repreſented Fig. 23, 24, 25, or 26. The Fluid 
will always ſtop when it comes at the higher End ; becauſe the 
n to Attraction is then in a Direction contrary to its Motion, and 
hery the Weight of the whole Fluid, if the Tube is ftraight, or of 
ſ lo much as is contained in DC the Difference of the Legs, if 

A) it be crooked, is likewiſe an Impediment to it. 


the | The 


- 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrons,ly by Glaſs, than 
others are. Mercury exhibits Phenomena ju. 
the Reverſe of the former; for if the End of 1 
Capillary Tube be immerſed below the Switace 
of that Fluid, it will not riſe in the Tube ta 
a Level with that on the outſide. This is 
becaute the Particles of Mercury attract each 
other more forcibly than they are attracted by 
thoſe of Glaſs *. 


— bn ” - 
- 


* See Furin's Diſſert Philoſoph. Tranſ. No. 363. 

According to Muſſchenbroeck the Length of the upper Part of 
a Tube, which is above the Height to which it is able to raiſe 
a Fluid, conduces ſomething towards the raifing it; and tlie e- 
fore in a longer Tube a Fluid riſes higher than in one of the {ime 
Dimenſions that is ſhorter ; and if a Tube, with ſo much Fluid 
contained in it, as it is able to raiſe, be laid in an Horizontal 
Situation, the Fluid will run to the Middle of it. But of this 
T have had no Experience: Tis poſſible that ingenious Profeſ- 
ſer though very accurate in making Experiments, might here: 
be deceived. He acknowledges, (Experiment the fiſteeuth,) 


that it ſometimes happens otherwiſe. 


Other Authors beſides thoſe already referred to, that hare 
treated on this Subject, are Boyle Exper. Phyſ. Mech. Exp) 
Sturmius Colleg. Cur. Tentam. 8. Bernoulli Gravit. Afth. Hale 
Microgr. Obſer. 6. Leeuavenhoek Continuat, Arcan. Net. Epil. 

Sinclaire Art. Gravit. 
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as 

an 

ii DISSERTATION III. 

'a 

pa | Of the Origin of Fountains. 

is 

* ANY have been the Conjectures of 

v7 Philoſophers concerning the Origin of 
| Fountains; and great Pains have been taken 
both by the Members of the Royal Society, 

rt of | | and thoſe of the Academy of Sciences at Paris, 

| | in order to aſcertain the true Cauſe of it. It 

fre was ArxrsToTLE's Opinion, and held by moſt 

Fad : * the ancient Philoſophers after him, that the 

ahi Air contained in the Caverns of the Earth, 

Pro being condenſed by Cold near its Surface, was 

i | | theroby changed into Water; and that it made 
| its Way through, where it could find a Paſ- 

at have | ce. But we have no Experience of any ſuch 

Ex 9 Tranſmutation of Air into Water. 

| -- Thoſe, who imagine that Fountains owe 

| their Origin to Waters brought from the Sea 
ly ſubterraneous Ducts, give a tolerable Ac- 
count how they loſe their Saltneſs by Perco- 
lation as they paſs through the Earth ; but 
ind great Diſhculty in explaining by what 

) 1 5 WM Power the Water riſes above the Level of the 


Sea, to near the Tops of Mountains, where 
Pprings generally abound ; it being contrary 
to 
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to the Laws of Hydroſtatics, that a Fluid ſhould 
riſe in a Tube above the Level of its Source, 


a 
However, they have found two Ways, where- t 
by they endeavour to extricate themſelves from tt 
this Difficulty. The one is that of Des CAR TES, t! 
who imagines, that after the Water is become ol 
freſh by Percolation, it is raiſed out of the WW N 
Caverns of the Earth in Vapour towards its u 
Surface; where meeting with Rocks near the MW T. 
Tops of Mountains in the Form of Arches or if 


Vaults, it ſticks to them, and runs down their 
Sides, (like Water in an Alembic) till i 
meets with proper Receptacles, from which 
it ſupplies the Fountains. Now, this is 2 
mere Hypotheſis without Foundation or Pro- 
bability ; for in the firſt Place, we know ot 
no internal Heat of the Earth to cauſe ſuch 
an Evaporation ; or if that were allowed, yet 
tis quite incredible, that there ſhould be any 
Caverns ſo ſmooth, and void of Protutc- 
rances, as to anſwer the Ends of an Alembic, 
in collecting and condenſing the Vapours to- 
gether, in every Place where Fountains ariſe, 
There are others (as VAaRENI1US, Oc.) who 
ſuppoſe that the Water may riſe through tie 
Pores of the Earth, as through Capillary 
Tubes by Attraction; but hereby they them, 
that they are quite unacquainted with what 
relates to the Motion of a Fluid through ſuct 


Tubes. For when a Capillary Tube opens in 
te 
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to a Cavity at its upper End, or grows larger 
and larger, ſo as to ceaſe to be Capillary at 
that End ; the Water will not aſcend through 
that Tube into the Cavity, or beyond where 
the Tube is Capillarv ; becauſe there the Force 
of Attraction 1s exerted the contrary Way : 
Nay, it the Cavity is continually ſupplied with 
Water, it will be attracted into the Capillary 
Tube, and run down it, as through a Funnel, 
if the lower End is immerged in the ſame 
Fluid, as in this Caſe it is ſuppoſed to be *. 
It has been a generally received Opinion, 
and much eſpouſed by Marrrotre (a diligent: 
| Obſerver of Nature,) that the Riſe of Springs 
is owing to the Rains and melted Snow. Ac- 
| cording to him, the Rain-Water which falls 
upon the Hills and Mountains, penetrating the 
| Surface, meets with Clay or Rocks contiguous 
| to each other, along which it runs, without: 
being able to penetrate them, till being got to 
the Bottom of the Mountain, or to a conſide- 
rable Diſtance from the Top, it breaks out of 
the Ground and forms Springs. 

In Order to examine this Opinion, Mr. PR R- 
RAULT, DE La HIRE, and D. StpErgaàbu en- 
deavoured to make an Eſtimate of the Quan- 
tity of Rain and Snow, that falls in the Space 
of a Year, to ſee whether it would be ſuffi- 
cient to afford a Quantity of Water, equal to 


* See the foregoing Diſſertation, Sect. 14. 
K that 
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that which is annually diſcharged into the Sea 
by the Rivers. The Reſult of whoſe Inquiries 
was, that the Quantity of Rain and Snow 
which fell in a Year into a Cylindrical Veſlel, 
would fill it (if fecured from evaporating) to 
the Height of about nineteen Inches. Which 
Quantity D. SiDtLEAv * ſhewed, was not {uf- 
ficient to ſupply the Rivers ; for that thoſe of 
England, Ireland, and Spain diſcharge a great- 
er Quantity of Water annually, than the Rain, 
according to that Experiment, is able to tup- 
ply. Beſides which, another Obſervation was 
made by them at the ſame Time, gig. that 
the Quantity of Water raiſed in Vapour one 
Year with another, amounted to about Thirty 
two Inches, which is thirteen more than fall; 
in Rain: A plain Indication, that the Water 
of Fountains is not ſupplied by Rains and melt> 
ed Snow. 

Thus, the true Cauſe of the Origin of 
Fountains remained undiſcovered, till Dr. Hat- 
LEY in making his Celeſtial Obſervations upon 
the Tops of the Mountains at St. Helena, about 
eight Hundred Yards above the Level of the 
Sea, found that the Quantity of Vapour which 
fell there (even when the Sky was clear) was 
ſo great that it very much impeded his Ob- 
ſervations, by covering his Glafles with Water 
every half Quarter of an Hour ; and upon that 
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attempted to determine by Experiment the 
Quantity of Vapour, exhaled from the Surface 
of the Sea, as far as it ariſes from Heat ; in 
order to try, whether that might be a ſuffi- 
cient Supply for the Water continually diſ- 
charged by Fountains The Proceſs of his 
Experiment was as follows. He took a Veſlel 
of Water ſalted to the ſame Degree with that 
of Sea- Water, in which he placed a "Thermo- 
meter; and by means of a Pan of Coals, 
brought the Water to the ſame Degree of 
Heat, which 1s obſerved to be that of the Air 
in our hotteſt Summer: This done, he affix- 


cc the Veſlel of Water with the 'Thermome- 


ter in it, to one End of a Pair of Scales, and 


exactly counterpoiſed it with Weights on the 


other. Then, at the End of two Hours, he 
found by the Alteration made in the Weight 
of the Veſſel, that about a ſixtieth Part of an 
Inch of the Depth of the Water, was gone off 
in Vapour; and therefore in twelve Hours, one 
tenth of an Inch would have gone off. Now 


this accurate Obſerver allows the Mediter- 
8 ranean Sea to be forty Degrees long and four 
L broad; (the broader Parts compenſating for 


the narrower ;) ſo that its whole Surface is one 
Hundred and ſixty ſquare Degrees; which ac- 


g cording to the Experiment muſt yield at leaſt 
five Thouſand two Hundred and eighty Mil- 


lions of Tons. In which Account, no Regard 
is had to the Wind, and the Agitation of the 
K 2 Surface. 
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Surface of the Sea; both which undoubtedly 
promote the Evaporation. 

It remained now, to compare this Quantity 
of Water, with that, which is daily conveyed 
into the ſame Sea by the Rivers. ' he only 
Way to do which, was to compare them with 
ſome known River; and accordingly he takes 
his Computation from the River T hames, and 
to avoid all Objection, makes Allowances, 
probably greater than what were adſolutely 
neceſſary. 

The Mediterranean receives the following 
conſiderable Rivers, £72. the Iberaus, the Rhone, 
the Tibur, the Po, the Danube, the Neifter 
the Boryſtenes, the Tanats, and the Nike, 
Each of theſe he ſuppoſes to bring down ten 
Times as much Water as the Thames; whereby 
he allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20,300,200 
Tons of Water a Day. If therefore the aboveſaid 
nine Rivers yield ten Times as much Water as 
the Thames doth, it will follow, that all of 
them together yield but 1827 Millions of Tons 
in a Day; which is but little more than one Third 
of what is proved to be raiſed in Vapour out 
of the Mediterranean in the ſame Time. We 
have therefore from hence a Source abundant- 
ly ſufficient for the Supply of Fountains. 

Now having found, that the Vapour exhaled 


from the Sea, is a ſufficient Supply for the 
Foun- 
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* Fountains; he proceeds in the next Place to 
* conſider the Manner in which they are raiſed ; 
and how they are condenſed into Water 
again ; and conveyed to the Sources of 
Springs. 

In Order to this he conſiders, that, if an 
Atom of Water was expanded into a Shell 
or Bubble, ſo as to be ten Times as big in 
Diameter as when it was Water, that Atom 
would become ſpecifically lighter than Air ; 
and therefore would riſe ſo long as the Warmth 
which firſt ſeparated it from the Surface of 
the Water ſhould continue to diſtend it to 
the ſame Degree; and conſequently, that Va- 
pours may be raiſed from the Surface of the 
Sea in that Manner, till they arrive at a cer- 
tain Height in the Atmoſphere, at which they 
find the Air of equal ſpecific Gravity with 
| themſelves. Here they will float, till being 
= condenſed by Cold, they become ſpecifically 
# heavier than the Air, and fall down in Dew, 
or being driven by the Winds againſt the Sides 
of the Mountains, (many of which far ſurpaſs 
the uſual Height to which the Vapours would 
of themſelves aſcend) are compelled by the 
Stream of the Air to mount up with it 
to the Tops of them : where being conden- 
ſed into Water they preſently precipitate, and 
gleeting down by the Crannies of the Stone, 
Part of them enters into the Caverns of the 

Hills; which being once filled, all the over- 
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plus of Water that comes thither, runs over 
by the loweſt Place, and break ing out by the 
Sides of the Hills, forms ſingle Springs. Many 
of theſe running down by the Valleys between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks: Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 
which latter, he oferves, one would hardly 
think to be a Collection of Water condenſed 
out of Vapour, unleſs we conſider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all tlioſe Springs, which 
break out on the South Side of the Carpa- i 
thian Mountains, and on the North Side of mo 
the immenſe Ridge of the 4/ps ; which is one the 
continued Chain of Mountains from Switzer- BM Wat 
land to the Black-Sen. | 
Thus one Part of the Vapours, which are 
blown on the Land, is returned by the Ri- 
vers into the Sea, from whence it came ; ano- 
ther Part falls into the Sea before it reaches 
the Land; and this is the Reaſon, why the 
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Rivers do not return ſo much Water into 1 
the Mediterranean as is raiſed in Vapour, 553 i 
A third Part falls on the Low-Lands, and is Ne z. 
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Action of the Sun, and is either carried by 
the Winds to the Sea, to fall in Rain or Dew 
there, or elſe to the Mountains to become 
the Sources of Springs. 


ite, However, it is not to be ſuppoſed, that all 
eſe Fountains are owing to one and the ſame 
ind Cauſe ; but that ſome proceed from Rain and 
leſs melted Snow, which ſubſiding through the 
1eſe Surface of the Earth, makes its Way into cer- 
ake tain Cavities and thence iſſues out in the Form 
ube; of Springs ; becauſe the Waters of ſeveral are 
rdly found to increaſe and diminith in Proportion to 
nſed the Rain which falls: "That others again, 
it a eſpecially ſuch as are falt, and ſpring near the 
that Sea - Shore, owe their Origin to Sea-Water 
hich percolated through the Earth; and ſome to 
rpa- both theſe Cauſes : Though without doubt 
le of moſt of them, and eſpecially ſuch as ſpring near 
; one the Tops of high Mountains, receive their 
ter- Waters from Vapours, as before explained *. 


* There is a certain Species of Springs which ebb and flow 
E alternately, and ſome that ceaſe to flow for a Time, which from 
hence are called reciprocating or intermitting ones. Their Re- 
ciprocations may be accounted for in the following Manner. 
Let ABC' repreſent one Side of an Hill in which there is a 
Cavity DEF, and from this a ſubte rraneous Duct IKL. Now 
as this Cavity fills with Water (ſuppoſe from Vapours perco- 
lating through the Surface of the Hill, or in any other Manner 
whatever) its Surface will rife in the Duct as it does in the Ca- 
vity, till it arrives at M, the Level with the upper Part of the 
Duet; at which Time it will run over at K, filling KLA the 
other Part of the Duct. Now, if the Column KL is longer than 
I it will overpoiſe the other, and ſo cauſe the Water to run 
Pat at A, till its Surface in the Cavity ſinks is far as I, / pro- 
ded the Duct is large enough to convey the Water away faſter 


than 
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than it enters the Cavity) at which Time the Fountain at A 
will ceaſe to play, till the Surface of the Water in the Cayity 
riſes again to M, and runs over at K as before. The Reaſon 
why the Water continues running (when the Dutt is once full) 
till its Surface ſinks to I, is becauſe the Air preſſing againſt it 
as it runs out at A and al ſo upon its Surface in the Cavity, keeps 
the Duct full, as long as the Water in the Cavity is high enough 
to feed its Orifice at I. 


See more on this Subject in ry wr Tranſact. No. 119, 
189, 192, 384, 424. Hiſtory de I' Acad. 1693, 1703, 1713. 
Galen della 2 de F 2 Dale's Hiſtory of Harwich, 
Marriotte's Hydroftatics. Niewwentyt Contempt. 19. Parenin; 
Geograph. Cap. 16. Regnault Vol. 2. Converſat. 6. Haley 
Statical Eflays Vol. 1. Experiment 19. Alichelottus in Append 
ad J. Bernowlii de Efferveſc. 
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DISSERTATION IV. 
Of. the Barometer. 


N treating of the Properties of the Air 
1 (Chap. III.) 1 have already taken No- 
tice of the Conſtruction of the common Ba- 
rometer; and proved, that the Aſcent and 
Suſpenſion of the Mercury therein, is owing 
to the Preſſure * of the Air. I proceed now 
to a more particular Inquiry into the Ori- 
ginal, and Uſe of this Inſtrument; and the 
different Forms under which it has appeared, 
fince the Time of its Inventor Torricelli. 


In 


* To ſay the Aſcent and Suſpenſion of the Mercury is owing 
to the Preflure and Elaſticity of the Air, as 15 commonly done, 13 
inaccurate. The Variation, indeed, in the Height of the Mercury, 
may be aſcribed to the Elaſticity of the Air, but no otherwile, 
than as to its remote Cauſe; wiz. as it occaſions an Alteration in 
the Quantity of Air, impending over the Place where the Varia- 
tion happens; which alters its Weight, and ſo the Mercury is 
proportionably raiſed or deprefled. To illuſtrate this, let it be 
ſuppoſed, that the Air is every where in Æguilibris, quite rourd 
tie Globe, and at perfect Reſt ; and then, that its Elaſticity, in 
lome one Place near the Surface of the Earth, is augmented by the 
Heat of the Sun, all the reſt of it remaining as before. I he Con- 
ſequence of this will be, that the ſuperior Part of the Atmoſphere, 
over this Place, will be raiſed higher by the Expanſion of the 
interior Air; and therefore, being ur canfned, will ſpread itſelf, 
every way, over the neighbounng Columns, which we ſup- 
pole to retain their former State. I he Quantity of Matter there - 
tore in thote Columns of Air, in whoſe lower Parts its Elaſticicy 
We: mereaied, will be diminiſned, and that of the neighbouring 
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In the Beginning of the laſt Century, it was 
a prevailing Opinion among Philoſophers, that 
the Univerſe was full of Matter; and that Na- 
ture (as they expreſſed it) abhorred a Lacy. 
um: Accordingly they imagined, that if 2 
Fluid was ſucked up a Pipe with a ſufficient 
Force, it would rife to any Height whatever; 
ſince Nature would not ſuffer any Part of the 
Pipe to remain empty. Galileo, who flou- 
riſhed about that Time, found upon Trial, 
that the common Pump would not raiſe Wa- 
ter, unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well “: From 


hence 


ones augmented. A Barometer therefore placed in thoſe Regions, 
where the Air was rarified, will ſubſide ; while one in the neigh- 
bouring Countries will aſcend ; and they will continue at different 
Heights, till the denſer Air, ruſhing in upon the rarified, reſtores 
the Æguilibrium. Thus, we ſee, the Variation of the Air's Elal- 
ticity is not the immediate Cauſe of the Variation in the Barome- 
ter; ĩt firſt affects the Weight of the Air, by altering the Quan- 
tity incumbent over any Place, and that affects the Barometer, 
But, if we may have Recourſe to remote Cauſes, we may, if we 
pleaſe, go one Step farther; and ſay, the Aſcent and Suſpenſion 
of the Mercury is owing to the Heat of the Sun; for by the 
foregoing Inſtance, a Variation in the Heat of the Sun may ſome- 
times be the occaſion of a Variation in the Height of the Mercury. 

Neither is the Suſpenfion of the Mercury, in a Tube, that 13 
kept within Doors, to be aſcribed to the Elaſticity of the Air; for 
that exerts no Force, but as the internal Air is preſſed by the exter- 
nal, which endeavours to get in, where-ever it can find a Way. 


* It is a common Notion, that a ſucking Pump will not raiſe 
Water above thirty-three Feet, whereas it will raiſe it to any 
Height whatever, if the Sucker reaches within thirty-three Feet of 
the Surface of the Water; as will be evident to any one that con- 
ſiders the Strufture of the Pump: For all the Water, which has 
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hence he judiciouſly inferred, that a Column 
of Water thirty-three Feet high was a Coun- 
terpoiſe to a Column of Air of an equal Baſe, 
whoſe Height extended to the Top of the At- 
moſphere; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
Jorricelli, obſerving this, took the Hint; and 
conſidered, that, if a Column of Water, of 
about thirty-three Feet, was equal in Weight 
to a Column of Air, of the ſame Baſe “; a 


Co- 


once paſſed through the Valve in the Sucker, is ſupported by that, 
as the Sucker 1s drawn up, and reſts upon a Valve placed in the 
Pump below, as it is let down; ſo that it can be no Impediment 
to the riſing of the Water below the Sucker, whatever the Length 
of the Columg, which it forms, may be. The placing one Pump 
above another, where Water is to be raiſed from great Depths, 1s 
rather for Strength and Conveniency, than out of Neceſſity. 


* Perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercury in 
the Baſon, is always ſuppoſed to have an equal Baſe with the ſuſ- 
pended Column in the Tube; whereas, in Reality, its Baſe is 
equal to the Surface of the ſtagnant Mercury. The Reaſon is, 
that, as the Baſe of the Column of Air increaſes, in the ſame Pro- 
portion the Velocity, wherewith it deſcends, decreaſes, when it 
forces down the Surface of the Mercurxy-myhe Baſon ; conſequently 
its Moment, or Preſſure upon the Surface a the ſtagnant Mercury 
(ſo far as it relates to the 2 of it in the Tube) is no great- 
er, than it would have been, had its Baſe been equal to that of 
the ſuſpended Column; and therefore, in conſidering it as ſuſ- 
pending a Fluid in a Tube, it is properly enough ſaid to be a Co- 
lumn of ſuch a Baſe. 

Neither is this Suppoſition inconſiſtent with the ninth Propoſi- 
tion of the firſt Chapter, where it is demonſtrated, that the Preſ- 
ſure of a Fluid is in Proportion to its perpendicular Height, and 
the Quantity of Surface, againſt which it preſſes. For, as the 
durface of the Mercury may be conſidered as a Baſe on which the 


M 2 Column 
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Column of Mercury, no longer than about 
twenty- nine Inches and a half, would be fo too; 
ſuch a Column of Mercury being as heavy, as 
thirty-three Feet of Water. Accordingly he 
tried the Experiment in a Glaſs Tube (in the 
Manner laid down, Chap. III. 5. 4.) and found 
it to ſucceed *. The Apparatus he made Uſe 

| of 


Column of Air reſts, fo the Baſe of the Column of A ir may be con. 
fider'd as a Surface againſt which the Mercury preſſes. These 
two being equal, *tis clear, that only the Relation of the Height; 
of the Columns are to be conſidered, and not that of their Baſes, 


* Notwithſtanding this clear Proof of the Preſſure of the Atmoſ- 
phere, the Aſſerters of a Plenum would by no Means be prevailed 
upon to allow it to be ſuch ; but tried all Ways to account for this 
Pf nomenon from ſome other Cauſe. The moſt chimerical Solution, 
and which at the ſame Time gave the adverſe Party the greateſt 
Difficulty to overthrow, was that of Linus. He contended, that 
in the upper Part of the Tube, there is a Film, or Rope of Mer- 
cury, extended thro' the ſeeming Vacuity, and that the reſt 
was ſuſpended by it, and kept from falling into the Baſon ; and 
that this Film is able to ſupport about twenty-nine Inches of Mer- 
cury. He confirms his Hypothefis by the following Experiment. 
Take, ſays he, a ſmall Tube, open at both Ends, ſuppoſe about 
twenty Inches long; fill this Tube with Mercury, ſtopping the 
lower Orifice with your Thumb: Then clofing the upper with 
your Finger, and 1 the lower in ſtagnant Mercury, you 
ſhall perceive, upon the Removal of your Thumb, a manifeſt Suc- 
tion of your Finger into the Tube ; and the Tube and Mercury 
will both ſtick fo cloſe to it, that you may carry them about the 
Room. 'Therefore, ſays he, the internal Cylinder of Mercury 
in the Tube is not held up by the preponderant Air without; for 
if ſo, whence comes ſo ſtrong a Suction, and ſo firm an Adheſion 
of the Tube to your Finger ? 

Or if you fill the ſame Tube almoſt full of Mercury, leaving a 
little Space of Air within, and then immerge it in the ſtagnant 
Mercury, you will find, that, notwithſtanding its Surface is at 


tome Diflance from your Finger, there will be a conſiderable Suc- 
tion, 
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of, is now the common Barometer or Wea- 
ther Glaſs *. 


The Mercury ſtanding at a leſs Height, the 
nearer it is carried to the Top of the Atmoſphere, 


tion of it, as before. From hence he infers, that the Finger ſup- 


ports the Mercury, by Means of the abovementioned Film, and 


| that the Preſſure of the Atmoſphere is not concerned, 


Bat, when it was found, that the Mercury would not ſtand fo 
high in the Tube, on the Top of a Mountain, as below; and 
would quite fall, when the citcumambient Air was extracted from 
it by the Pump, all Objections vaniſhed; and Linys's funicular 
Hipothefis (as it was called) though it ſeemed to folve all other 
Phenomena, relating to the Suſpenſion of the Mercury, was with 
Juſtice rejected. 

Kircher, when this new Doctrine of a Vacuum was firſt advan 
ced at Rome, contended, that the Authors of it were eſtabliſhing 


Principles not only repugnant to thoſe of Nature, but ſuch as 


would be prejudicial to the Orthodox Faith ; as endeavouring to 
evince by this ſubtle Experiment, that there might be in Nature 


| Ecatum fine loco, accidentia fine ſuljecto, and therefore made the 
| Experiment with Water, in the following Manner. He cauſed a 


ſmall Bell to be fixed in the upper Part of the Tube, imagining, 
that, if there ſhould be a Vacuum, the Bell would not be made 
to ſound ; But in making the Experiment, ſome Air got into the 
Tube (for he tells us, that bat ten Feet of Water remained in the 
Tube, after it was inverted) the Bell therefore was heard to 
found ; and fo the Notion of a Vacuum, till more accurate Expæ- 
riments evinced the contrary, was exploded with Contempt. 


Hagens obſerved, that, if a Tube ſeventy-five Inches long, / 
was filled with Mercury well purged of its Air, the whole Quan- 
ity of Mercury would remain ſuipended ; whereas, according to 
tie Torricellian Experiment, the Mercury ought to have ſubſided 
to the Height of about twenty-nine Inches. 

The Cauſe of this Phænomenon ſeems to be, that, by the great 
Weight of ſo long a Column of Mercury, it was preſſed into ſo 
cloſe Contact with the Glaſs in pouring in, that by the mutual 
Attraction of Coheſion between the Mercury and the Glaſs, tlie 
hole Column was ſuſtained, after the Tube was inverted. 


(Chap. 
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(Chap. III. §. 7.) renders it uſeful in determin- 
ing the Height of Mountains ; and finding out 
the different Elevation of one Place above ano- 
ther. Accordingly, Dr. Halley has given us a 
Table for that Purpoſe, in the Philoſophical 
Tranſactions Nꝰ. 181, ſhewing how many Feet 
the Deſcent of the Mercury each Inch anſwers 
to, as it is conveyed to the Top of a Mountain, 
or other elevated Place. And Dr. Nettleton 
has done the like in the Philoſophical Tranſac- 
tions No. 388, ſhewing what Number of Feet 
anſwers to each tenth Part of an Inch, from 
twenty-ſix to thirty-one Inches of Mercury. 
But the principal Uſe of it is, to eſtimate 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wea- 
ther, which are conſequent thereon: To this 
End, Dr. Halley in the fame Tranſaction has 
alſo laid down the more remarkable Ph. 
mena, relating to the different Heights of the 
Mercury at different Times, together with the 
Solution of each; which are ſo juſt, and 6 
agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving his 
Account in his own Words, rather than to 
render it imperfect, by endeavouring to vary 
from it, or 2 it. 


« 1. In calm Weather, when the Air is in- 
** clined to Rain, the Mercury is commonly 
© low. 


« I 


10 


ar. 
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« 2, In ſerene, good, ſettled Weather, the 
« Mercury is generally high. | 

« 3. Upon very great Winds, though they 
« be not accompanied with Rain, the Mercu 
« finks loweſt of all, with Relation to the 
« Point of the Compaſs the Wind blows upon. 

« 4. Cæteris paribus, the greateſt Heights 
« of the Mercury are found upon eaſterly and 
« north-eaſterly Winds, 

F. In calm froſty Weather, the Mercury 
« generally ſtands high. 

* 6. After very great Storms of Wind, 
« when the Mercury has been low, it gene. 
« rally riſes again = faſt. 

« 7. The more northerly Places have greater 
« Alterations of the Barometer, than the more 
“ ſoutherly. 

« 8. Within the Tropics, and near them, 
« thoſe Accounts we have had from others, 
% and my own Obſervations at St. Helena, 
* make very little or no Variation of the 
Height of the Mercury in all Weathers. 

* Hence I conceive that the principal Cauſe 
© of the Riſe and Fall of the Mercury, is from 
« the variable Winds, which are found in the 
temperate Zone, and whoſe great Uncon- 
ſtancy, here in England, is moſt notorious. 
LA ſecond Caule is the uncertain Exhalation 
* and Precipitation of the Vapours lodging in 
* the Air, whereby it comes to be at one Time, 
* much more crouded than at another, and 


con- 
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conſequently heavier, but this latter in a great 
Meaſure depends upon the former. Now, 
from theſe Principles, I ſhall endeavour to 
explicate the ſeveral Phenomena of the Ba- 
rometer, taking them in the ſame Order! 


laid them down. Thus. 

« 1. The Mercury's being low, inclines it 
to rain, becauſe the Air being light, the 
Vapours are no longer ſupported thereby, 
being become ſpecifically heavier than the 
Medium wherein they floated, ſo that they 
deſcend towards the Earth, and in their Fall 
meeting with other aqueous Particles, they 
incorporate together; and form little Drop: 
of Rain; but the Mercury's being at one 
Time lower than at another, is the Effect of 
two contrary Winds blowing from the Place 
where the Barometer ſtands; whereby the 
Air of that Place is carry'd both Ways from 
it, and, conſequently, the incumbent Cylin- 
der of Air is diminiſhed, and accordingly the 
Mercury ſinks: As for Inſtance, if in the 
German Ocean it ſhould blow a Gale cf 
weſtcrly Wind, and at the ſame Time an 
eaſterly Wind in the Triſb Sea; or it in 
France it ſhould blow a northerly Wind, 
and in Scotland a ſoutherly; it muſt be 
granted, that that Part of the Atmoſphere 
impendant over England, would thereby be 
exhauſted and attenuated, and the Mercury 


would ſubſide, and the Vapours, which as 
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fore floated in thoſe Parts of the Air of 
equal Gravity with themſelves, would fink 
to the Earth. 

« 2, The greater Height of the Barometer 
is occaſioned by two contrary Winds blow- 
ing towards the Place of Obſervation, where- 
by the Air of other Places is brought thither 
and accumulated; ſo that the incumbent 
Cylinder of Air, being encreaſed both in 
Height and Weight, the Mercury preſſed 
thereby muſt needs ſtand high, as (os as 
the Winds continue ſo to blow; and then 
the Air being ſpecifically heavier, the Va- 
ours are better kept ſuſpended, ſo that they 
hs no Inclination to precipitate and fall 
down in Drops, which is the Reaſon of the 
ſerene good Weather which attends the 
greater Heights of the Mercury. 

* 3- The Mercury ſinks the loweſt of all by 
the very rapid Motion of the Air in Storms 
of Wind. For the Tract or Region of the 
Earth's Surface, wherein the Winds rage, 
not extending all round the Globe, that 
ſtagnant Air which is left behind, as like- 
wife that on the Sides, cannot come in ſo 
taſt as to ſupply the Evacuation made by fo 
ſwift a Current, ſo that the Air muſt neceſ- 
farily be attenuated, when and where the 
ſaid Winds continue to blow, and that more 
or leſs, according to their Violence; add 
to which, that the horizontal Motion of the 
N . 
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** Air being ſo quick as it is, may, in all Pro- . 
* bability, take off ſome Part of the perpendi. « 
* cular Preſſure thereof ; and the great Agj. 5 
< tation of its Particles is the Reaſon why the 4 
* Vapours are diſſipated, and do not condenſe b 
* into Drops, ſo as to form Rain, otherwiſt 4 
* the natural Conſequence of the Air's Rare. = 
faction +, 8 


* 4. The Mercury ſtands the higheſt upon .. 
the eaſterly and north-eaſterly Wind, be. 
« cauſe in the great Atlantic Ocean, on this 
« Side the thirty-fifth Degree of north Lati- 
* tude, the Winds are almoſt always weſter- 
« ly or ſouth-weſteily; ſo that whenever 
« here the Winds come up at eaſt and north- 
« eaſt, tis ſure to be checked by a contrary 
« Gale as ſoon as 1t reaches the Ocean ; where- 
« fore, according to what is made out in our 
« ſecond Remark, the Air muſt needs be heap- 


c 


A 


+ The Rea gn the Doctor aſſigns for the ſinking of the Nſercury 
the loweſt of all in violent Storms of Wind, ſeems not ſufficient, 
Pernaps it may be better accounted for thus: the Cauſe why the 
Wind blows at all, is in order to reſtore the Æquilibrium of tie 
Atmoſphere, when loſt (as may be inferred from what was ſaid in 
the firit Note of this, and will be more largely explained in the 
following Diſſertation,) it therefore always blows towards that 
Point, where the Air is moſt rarefied and lighteſt. Now tie 
Air in its Progreſs to that Point, muſt ceriainly move faſter and 
faſter ; for the Cauſe which gave it Motion at firſt, continues to ad 
upon it all the Way. Corſeguently, in whatever Place the Wind 
blows with great Rapidity, that Place is at, or near the Poin, 
where the Air is moſt larefied, and lighteſt; which is a ſufficient 
Reaion for the Mercury's Randing low at that Place. 
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ed over this Iſland, and conſequently the 
Mercury muſt ſtand high, as often as theſc 
Winds blow. I his holds true in this C un- 
try, but is not a general Rule for others, 
where the Winds are under different Cir- 
cumſtances; and I have ſometimes ſeen the 
Mercury here, as low as twenty-nine Inches 
upon an eaſterly Wind, but then it blew ex- 
ceeding hard, and ſo comes to be accounted 
for, by what was obſerved upon the third 
Remark, 
* 5. In calm froſty Weather the Mercury 
generally ſtands high, becauſe (as J con- 
ceive) it ſeldom freezes, but when the Winds 
come out of the northern, and north-eaſtern 
Quarters; or, at leaſt, unleſs thoſe Winds 
blow at no great Diſtance off: For the 
north Parts of Germany, Denmark, Swe- 
den, Norway, and all that Tract from 
whence north-eaſtern Winds come, are 
ſubject to almoſt continual Froſt all the 
Winter ; and thereby the lower Air is very 
much condenſed, and in that State is brought 
thitherwards by thoſe Winds, and being ac- 
cumulated by the Oppoſition of the weſter- 
ly Wind blowing in the Ocean, the Mer- 
cury muſt needs be preſſed to a more than 
ordinary Height : and, as a concurring 
Cauſe, the ſhrinking of the lower Parts of 
the Air into lefſer Room by Cold, muſt 
N 2 « needs 
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needs cauſe a Deſcent of the upper Parts of 
the Atmoſ; here, to reduce the Cavity made 
by this Contraction to an Æquilibrium. 

« 6. After great Storms, when the Mer- 
* cury has been very low, it generally riſes 
* again very faſt: I once obſerved it to rife 
one Inch and a half in leſs than fix Hours, 
* after a long continued Storm of fouth-weſt 
« Wind. 'The Reaſon is, becauſe the Air be- 
* ing very much rarefied, by the great Eva- 
« cuations which ſuch continued Storms make 
thereof, the neighbouring Air runs in the 
more ſwiftly, to bring it to an Æquilibri- 
«uM; as we ſee Water runs the faſter for 
having a greater Declivity. 

« 7. The Variations are greater in the more 
te northerly Places, as at Stockholm, greater 
than that at Paris (compar'd by M. Pa. 
* chal;) becauſe the more northerly Parts 
« have uſually greater Storms of Wind than 
* the more ſoutherly, whereby the Mercury 
« ſhould fink lower in that Extream; and 
then the northerly Winds bringing the more 
* denſe and ponderous Air from the Neigh- 
* bourhood of the Pole, and that again being 
* checked by a ſoutherly Wind at no great 
“ Diſtance, and ſo heaped, muſt of Neceſlity 
make the Mercury in ſuch Caſe ſtand higher 
«in the other Extream. 


y 8. Laſtly, 
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II. 
of « 8, Laſtly, this Remark, That there is 
ide « little or no Variation near the Equi noctial, 


does above all others. confirm the Hypothe- 
er- e of the variable Winds being the Cauſe of 
lſes « theſe Variations of the Height of the Mer- 


riſe % cury; for in the Places above-named, there 
urs, is always an eaſy Gale of Wind blowing 
veſt « nearly upon the ſame Point, v/z. eaſt-north- 
be- « eaſt, at Barbadoes, and eaſt-ſouth-eaſt at 
wa- « St. Helena *, ſo that there being no contra- 
ake xy Currents of Air to exhauſt or accumulate 
the « jt, the Atmoſphere continues much in the 
bri- © © fame State: However, upon Hurricanes 


(the moſt violent of Storms) the Mercu 
has been obſerved very low, but this is but 
once in two or three Years, and it ſoon re- 
covers its ſettled State about 29 Inches.” 


Monſieur Leibnitæ accounted for the De- 
ſcent of the Mercury before Rain, upon an- 
other Principle +, vig. as a Body ſpecifically 
E lighter than a Fluid, while it is ſuſpended by 
it, adds more Weight to that Fluid, than 
when, by being reduced in its Bulk, it be- 
comes ſpecifically heavier, and deſcends ; fo 
the Vapour, after it is reduced into the Form 
of Clouds, and deſcends, adds leſs Weight to 
the Air, than before ; and therefore the Mer- 


See the Cauſe of this afligned in the following Diſſertation. 
+ Memoir. de I'Acad. 1711, 
: cury 


— — — — — — 


— * 
= * 
a. x Oe. «c — 4 - W Daz © 


ſons, in very great 
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cury falls. To which it is anſwered, 1}. 
That when a Body deſcends in a Fluid, its Mo- 
tion, in a very little Time, becomes uniform, 
(or nearly fo) a farther Acceleration of it be- 
ing prevented by the Reſiſtance of the Fluid; 
and then, by the third Law of Nature, it preſ- 
fes the Fluid downwards, with a Force equal 
to that whereby it tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight. 2dly. The Mercury, by its Deſcent, 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenſed 
into Clouds, can be ſuppoſed to take up in 
falling. Zaly. Suppoſing that as many Va- 
pours, as fall in Rain, during the Space of a 
whole Vear, were at once to be condenſed 
into Clouds, and even quite ceaſe to gravitate 
upon the Air, its Gravity would ſcarce be di- 
miniſhed thereby, ſo much as is equivalent 
to the Deſcent of two Inches of Mercury in 
the Barometer. Farther, in many Places be- 
tween the Tropics, the Rains fall at certain Sea- 
uantities *, and yet the 
Barometer ſhews there very little or no Altera- 
tion in the Weight of the Air. 

The following are Mr. Patrick's Obſcrve- 
tions on the riſing and falling of the Mercury. 
They are very juſt, and are to be accounted 


Part II. 


* Sce Diſſertation the vith. 


for 
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for on the ſame Principles with thoſe of Dr. 
Halley. 


© 1. The riſing of the Mercury preſages in 
« general fair Weather ; and its falling, foul 
« Weather ; as Rain, Snow, high Winds and 
Storms. 

« 2. In very hot Weather, the falling of 
« the Mercury foreſhews Thunder. 

«* 3. In Winter the riſing preſages Froſt; 
* and in froſty Weather, if the Mercury falls 
three or four Diviſions, there will certain- 
« ly follow a Thaw. But in a continued 
« Froſt, if the Mercury riſes, it will certain- 
y ſnow. 

* 4. When foul Weather happens ſoon after 
* the Falling of the Mercury, expect but little 
* of it, And, on the contrary, expe& but 
* little fair Weather, when it proves fair 
* ſhortly after the Mercury has riſen. 

* 5. In foul Weather, when the Mercury 
* riſes much and high, and fo continues for 
* two or three Days before the foul Weather 
is quite over, then expect a Continuance of 
* fair Weather to follow. 

** 6. In fair Weather, when the Mercury 
© falls much and low, and thus continues for 
two or three Days before the Rain comes; 
then expect a great deal of wet, and pro- 
* bably high Winds, 


ce 7. The 
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* 7, The unſettled Motion of the Mercury 


« denotes uncertain and changeable Weather. 

« 8, You are not ſo ſtrictly to obſerve the 
« Words engraven on the Plates (though, for 
« the moſt Part, it will agree with them) as 
% the Mercury's Riſing and Falling: For if 
« jt ſtands at Much Rain, and then riſes u 
to Changeable, it preſages fair Weather, al- 
e though not to continue fo long, as it would and 
« have done, if the Mercury were higher: 
« And fo on the contrary, if the Mercury 
« ſtood at Fair, and falls to Changeable, it 
« preſages foul Weather; though not ſo much 
« of it, as if it had funk down lower.” 


From theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury in 
the Tube, that indicates the Weather, as the 
Motion of it up and down ; wherefore, in Or- 
der to paſs a right Judgment of what Weather 
is to be expected, we ought to know, whe- 
ther the Mercury is actually Ring or Fall 
ing, to which End, the following Rules are 


of Uſe. 


1. If the Surface of the Mercury is conver, 
ſtanding higher in the Middle of the Tube than 
at the Sides, it is generally a Sign that the 
Mercury is then riſing. | 

2. If the Surface is concave, or hollow in 
the Middle, it is ſinking. And, 


3 lt 
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ry 3. If it is plain, the Mercury is ſtationary, or 


er. rather, if it is a little convex; for Mercur 
being put into a Glaſs Tube, eſpecially a ſmall 


for one, will naturally have its Surface a little 
| as convex ; becauſe the Particles of Mercury at- 
- if tract each other more forcibly than they are 
up attracted by Glaſs. Further, | 

al- 4. If the Glaſs is ſmall, ſnake the Tube; 
wuld and if the Air 1s growing heavier, the Mercury 
her : will riſe about half the tenth of an Inch higher, 
cury than it ſtood before; if it is growing lighter, 
e, it it will fink as much. This proceeds from the 


Mercury's ſticking to the Sides of the Tube, 
which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
That en Obſervation is to be made with ſuch a Tube, 
ary in it ought always to be ſhaken firſt, for ſome- 
as the times the Mercury will not vary of its own Ac- 


nuch 


in Or- cord, till the Weather, it ought to have indi- 
Feather WM cated, is preſent. 
| whe- . n 
Fal- The Uſefulneſs of knowing, whether the 


les arc Mercury is actually riſing or falling; and the 
Advantage that would ariſe from perceiving 
lhe moſt minute Variations in eſtimating the 
Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torrice/lian, though founded on 
he fame Principle; wherein the Scale of Vari- 
Mow tion, which in that is not above three Inches, 


O ſhould 


convex, 
he than 
at the 


3. It 
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] 
| ſhould be conſiderably larger. Of which I am 1 
0 


now to give ſome Account. 


f. 
1. The firſt is that of Des Cartes, which was as 
made in the Form expreſſed Fig. 28. where * 
AB is a Tube hermetically * ſealed at A, and m 
having its lower Orifice immerged in ſtagnant in 
Mercury EF, and filled with the ſame Fluid up 
to G, from thence to H with Water, and emp- 
ty from thence to the Top. Now, when the ter 
Mercury riſes in this Tube, _— from G to fill 
L, the Water will be raiſed in the ſmall Tube, up 
perhaps from H to M. vig. as many Times fro1 
further, as the Tube CA is ſmaller than CD; to | 
by which Means the Variations become much the 
more ſenſible, than they are in the common I ha 
Barometer, The Inconvenience of this was, af 
that the Air, included in the Water, getting behi 
looſe by Degrees, filled the void Space at the 4 
Top, and ſo ſpoiled the Machine. whe 
2. He then contrived it thus, ABC (Fig. 29.) Wl to D 
is a bent Tube hermetically fealed at A, filled Scale 
with Water from F to D (tinged with Agus IM from 
Regia to prevent its freezing,) from D to E with WM fame 
Mercury, and empty from thence to the Top. WM Incli: 
Then, upon the Mercury's rifing, ſuppoſe from ar 
tude 


* A Tube is ſaid to be hermetically ſealed, when the End 1s 0 much 
cloſed, that nothing can poſſibly evaporate through it. And, be =F 
cauſe this is beſt done, when it is cloſed up with its own Sub- n | 
ſtance ; or when its Bore does not reach quite through it, it l 


then ſaid to be hermetically ſealed. * Ch 
E tc 
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m E to M, and falling as much at D, the Surface 
of the Water at F would fink ſo many Times 
farther than the Surface of the Mercury at D, 
vag as the Tube CG was ſmaller than GH. The 


ere Water here 1s liable to evaporate, though that 
and may, in ſome Meaſure, be prevented, by pour- 
ant ing a few Drops of Oil of fweet Almonds 
luid upon it. Others have contrived 

mp- 3. The Horizontal or Rectangular Barome- 


| the ter (Fig. 30.) hermetically ſealed at A, and 
G to filled with Mercury from D to E; then as the 
'ube, upper Surface of it riſes in the Tube, ſuppoſe 
imes from E to F, the lower will be driven from D 
CD; % G, as many Times farther, as this Part of 
much the Tube is leſs than that at E. But it often 
mon 74 that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
etting Wl behind. This Inconvenience is remedied in 
at the 4: The Diagonal Barometer ABC (Fig. 41.) 
wherein the Mercury, inſtead of riſing from B 


g. 20.) to D (ſuppoſe that Space to correſpond to the 
l Scale of Variation n a ſtrait Tube) will riſe 
Aqua from B to A; for it will always ſtand at the 
E with WW fame perpendicular Height, whatever be the 
ie Top. inclination of the Tube; becauſe Fluids preſs 
fe from Wl only according to their perpendicular Alti- 


tude *, But the Tube AB muſt not be too 
much inclined, leſt the Mercury break in it, 
s in the former, | 


e End 1s 0 
And, be- 
own Sub 
gh it, ut 


E tc 


* Chapter I. F. 9. 
O 2 5. AB 
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5. AB (Fig. 32.) is Dr. Rook's Wheel. 
Barometer, wherein ABD is a Tube filled 
with Mercury from à to E; à is an Iron Ball, 
ſwimming on the Surface of the Mercury; this 
as it ſubſides with the Surface of the Mercury, 
draws the little Wheel nn round, to whoſe 
Circumfeience it is fixed by Means of the 
String ac *: This Wheel carries the Index 
PQ, which points to the graduated Edge of 
the Circle KL, and by its Motion ſhews 
the moſt minute Variations of the Mercury. 
When the Ball @ is raiſed by the Mercury 
on which it ſwims, the Index is drawn the 
contrary Way by a leſſer Ball b, which hangs 
on the other Side the Wheel. The Friction 
in this Machine, unleſs it be made with great 
Accuracy indeed, renders it uſeleſs. 

6. The pendent Barometer is another Con- 
trivance to render the Variations more ſenſible. 
It conſiſts of a ſmall conical Tube, (repreſented 
Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 
thence to A. Now, ſuppoſing the Gravity of 
the Air encreaſed, it will raiſe the Mercury 
higher in the Tube, and fo force it into a nar- 
rower Part; by which Means the Column be- 
coming longer, its perpendicular Preſſure upon 
the Air below will be proportionably encreaſed 


* The Tube is ſmaller at à than at E, that the greateſt Varia. 
tion may be at that Surface of the Mercury on which the Ball 
xeſts. | 
| On 
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el On the contrary, when the Air becomes lighter, 
led the Mercury deſcends into a larger Part of the 
all, Tube, and by that Means has the Length of 
this its Column proportionably contracted. The 
uy, Inconvenience that attends this Barometer, is 
10ſe that the Tube muſt be very ſmall, otherwiſe 
the the Mercury will fall out; or the Air will be 
dex apt to get into it, and divide the Column in 
e ol ſeveral Places; and when the Tube is very 
1ews Wl fall, the Friction of the Mercury againſt the 
dury. Sides of it, will hinder it from riſing and fall- 
cury ng freely. 


the 7. Dr. Hook, obſerving how unfit the com- 
nangs mon Barometer was to be uſed on Board of 
icon Hip, by Reaſon its Poſition ought to be ſteady, 
great {contrived the following one, called, from its 
U, a Marine Barometer, conſiſting of two 


Con- arts, the one AB (Fig. 34.) the common Spi- 


nſible. ¶ it Thermometer, the other C D, a Tube filled 
ſented Mvith Air from C to E, and from thence to the 
| filled od D with tinged Water. This End is immer- 
from ed in the fame Fluid contained in the Veſſel 


wity of 
lerculy 
A Nat- 
mn be- 


e upon 


creaſed. 


; and having its Surface expoſed to the 
Preſſure of the external Air. Now, the laſt of 
dee Machines will be affected both by the 
ſarmth of the external Air, and alſo by its 
Teſure : The former dilating the Air included 
CE, and by that Means driving the Water 
Pwnwards ; the latter preſſing it up higher in 
e Tube: Whereas the other, viz. AB, is af- 


ted by the Warmth of the Air alone. Con- 
ſequently, 


teſt Varia. 
b the Ball 


On 


— ä . 
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ſequently, were theſe Inſtruments graduated in 
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ſuch a Manner, that, if the Gravity of the ex. 
ternal Air ſhould always remain the ſame it 
was, when the Inſtruments were made, their 
Variations (then only depending on its Warmth) 
ſhould exactly correſpond with each other; 
that is, when the Spirit in the Tube AB, 
ſhould aſcend to 1, the Water in C D, ſhould 
deſcend to 1, Fc. Then, whenever their Va- 
riations ſhould be obſerved to differ from each 
other, the Difterence could only be aſcribed 
to ſome Alteration in the Preſſure of the Air 
upon the Surface of the Water in the Veſſcl 
G F. In Proportion therefore as this Diffe- 
rence is greater, or leſs, ſo is the Alteration in 
the Gravity of the Air, from what it was 
when the Inſtruments were adjuſted. For In- 
ſtance, when the Water ſtands above the 
Diviſion, which correſponds to that, which 
the Spirit points to in the other Machine, it is 
an Indication, that the Preſſure of the Air is 
greater at that Time, than when the Inſtru- 
ments were graduated, and vice verſa. 


This Machine is not only more uſeful at 
Sea, than the common one, as not requiring 
a ſteady Poſition ; but may have its Scale cf 
Variation conſiderably enlarged, by making 
the Bore of the Tube CD very ſmall, in Pro- 
portion to the Capacity of its Head C. 


But 
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I in But it is obſerved, that in long 7 
; kee 
1 Inſtrument, the included Air loles An eh 
hs of its Elaſticity ; whereby, in Proceſs of Time, 
= the Water ſtands higher than it ought, and 
kg therefore indicates the Gravity of the Air to be 
I 5 1 4 - Ki 

n the Philoſophical Tranſactions No. 
_ x I have given an Account of a 83 
"= wherein the Scale of Variation may be en- 
by | creaſed ad Infinitum. The Deſcription of it 
"a a - follows: A BCD (Fig. 35.) is a cy- 
=: 1 roy Veſſel, filled with a Fluid to the 
Di. eight W, in which is immerged the Baro- 
— = _ S V, conſiſting of the following Parts: 
"= e Principal of which is a Glaſs Tube T P 
5 N ſeparately at #þ) whoſe upper 
_ 1 T is hermetically ſealed: This End 
duc does — appear to the Eye, being received 
— into the lower End of a Tin Pipe G H, which 
,. in a. other End G receives a cylindrical Rod 
av. i _ ube ST, and thereby fixes it to the Tube 
18 This Rod ST may be taken off, in 

ja to put in its ſtead a larger, or leſſer 

NW * my requires. S is a Star at the Top 
in 133 9 , and ſerves as an Index, by 
* e S 3 e graduated Scale L A, which is 
a _— to the Cover of the Veſſel AB CD. 
* is a large cylindrical Tube made of 


Tin (repreſented ſe 
Rana oo on: parately at ich 
| _ * its Cavity te 1 
But | ube 'TP 7 and is well cemented to it 
at 
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at both Ends, that none of the Fluid may get 
in. 

The Tube TP, with this Apparatus, being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wire; 
upon the lower End of the Tube MN, muſt 
be ſo poized, as to float in the Liquor con- 
tained in the Veſſel AB C D, and then the 
whole Machine will rife, when the Atmoſphere 
becomes lighter, and vice verſd. 

I ſhall here add a Computation, in Order to 
ithew the Poſſibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal, the 
Reaſon why it may be ſo. And for the Sal 
of thoſe who would ſee a Mathematical 
Proof of it, I ſhall give the Demonſtration 


in a Note below. * 
Let 


Let the ſpecific Gravity of Quickſilver be to that of Water 
or to the Liquor the Barometer floats in, as s to 1 ; and if it be 
propoſed, that che Variations in this compound Barometer {hall i 


to the contemporary Variations of the common Barometer in ttt 


given Ratio of z to 1, this Effect will be obtained, by making ths 
Diameter of the Rod ST to the Diameter of the Cavity of tic 


libs 
Tube HI, as 4/ to 1, which may be thus demonſlrated. 


ns 

Let us ſuppoſe, that the Variation in the Height of the Quick 
filver in the common Barometer, which we call v, is ſuch, thu! 
a cubic Inch of Quickſilver ſhall riſe into the Vacuum XI: 1 
Order to which, a cubic Inch of Quickfilver mult riſe from th: 
Veſſel V; that is, the Surface P muſt ſubſide ſo far, that a cubic 
Inch of Water (if that be the Fluid made Uſe of ) ſhall enter tie 
Veſſel V, by which Means the Barometer with the Parts annex 
will be heavics by a cubic Inch of the Fluid. Noi 
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Let it be ſuppoſed, that the Fluid made uſe 


of is Water, and that the given Variation in 
the Weight of the Atmoſphere is ſuch, that, 


by 


Now this additional Weight of a cubic Inch of Fluid, will 
make the whole Barometer ſubſide (according to the Laws of Hy- 
droftatics) till a cubic Inch of the Rod Hs, immediately extant 
above the Surface at W, ſhall come under it; but the Length of 
{auch a Magnitude of HS will exceed the Length of an equal Mag- 
nitude of Quickſilver in the larger Tube X, as many Times as the 
Square of the Diameter at X excceds the Square of the Diameter 
at H (the Lengths of equal Cylinders being reciprocal to their 
Baſes.) That 1s, the perpendicular Deſcent of the compound Ba- 
rometer will be to v, the perpendicular Aſcent of the Mercury in 
the common Barometer, as 4 to 1 (ſuppoſing this the Ratio of 
their Baſes, and conſequently will be equal to dv. 

But, by this Deſcent, the Diſtance PW, between the Surface of 
the ſtagnant Quickſilver and the Top of the Fluid, will be aug- 
mented by a Column, whoſe Height is dv, the Deſcent of the 
compound Barometer ; and conſequently the Weight of the whole 
Column of the Fluid preſſing on the lower Surface of the Quick- 
filver (td which the Height X is partly owing) will be encreaſed 
by a Column of that Length ; and this Increaſe would produce a 
ſecond Aſcent of the Mercury at X equal to itſelf, namely, 4, 
were the Fluid as heavy as Quickſilver ; but ſince it is ſuppoſed to 
be lighter in the Ratio of 5s to 1, the Aſcent of the Quickſilver, 

av 
on this Account, will only be — 
F » 
But now, as in the former Caſe, when the Aſcent of the Mer- 
cury was v, the Deicent of the compound Barometer was ſhewn 
du 
to be dv ; ſo here, the Aſcent of the Mercury being the De- 
ddw 15 
ſcent of the common Barometer will be and tlie next De- 
dddy 4 $- 92 
[cent ——— and the next and ſo on to Infinity. There- 
£#-::4 13 5 : 
fore the whole Deſcent of the compound Barometer, is to the Aſ- 
cent of the Mercury in the common Barometer, that is, à is to 1 


dd ddd d4 ds 
 d 4＋—4 +——+ Oc. to 1, or as to 1; be- 
U SS 89-3 —4 


eauſe the Terms of the Series being in geometrical Proportion, the 
P Sum 
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by preſſing upon the Surface of it at W, the Sur 
face of the Mercury at X may be raiſed an Inch 
higher (meaſuring from its Surface at P) than 
before; and that the Breadth of the Cavity d 
the Tube at X, and of the Baſon at P are ſuch 
that by this Aſcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X mor: 
than before, and conſequently in the Baſon 
cubic Inch leſs. Now, upon this Suppoſition, 
there will be a cubic Inch of Water in the Bu. | 
ſon more than there was before ; becauſe th: 
Water will ſucceed the. Mercury to fill up it 
Place. Upon this Account, the whole Mz 
chine will be render'd heavier, than it wx 
before, by the Weight of a cubic Inch of Wa. 
ter, and therefore will fink, according to th: 
Laws of Hydroſtatics (Chap II. F. 5.) till : 
cubic Inch of that Part of the Rod WS, which 


as as 

and there 
Sw ® [ OP" þ 1 

ſure n = ds + dn; that is, 1: 4: : n+: :: 


Sum of them all is Hence we have == 


. 
ns 
and therefore, by extracting the ſquare Roots of each Term in ti: 
Proportion, 1: 4d (that is, the Diameter of ST to the Dian: 
ns 
ter of HI) as — to 1. Q. E. D. 
ns h 
Example 1. Putting ;=14 and t, the Variation in ea 
Barometer will be equal, by taking the Diameter of ST to ii! 
15 

Diameter of HI, as 4/— to 1, that is, as 30 to 29 nearly. 

14 | 
Example 2. If u be put infinite, the Diameter of ST wil b 

1 


to the Diameter of HI, as 


f co, or t / 14; cha oh 
1 to 3 + nearly. s 
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„ vas above the Surface of the Water at W, 
comes under it. Then, if we ſuppoſe this Rod 
u do ſmall, that a cubic Inch of it ſhall be four- 
i teen Inches in Length, the whole Machine 
4 | will fiok fourteen Inches lower into the Fluid 
chan before, and conſequently the Surface of 
e the Mercury in the Baſon will be preſſed more 
chan it was before, by a Column of Water 
n. fourteen Inches high. But the Preſſure of four- 
| Iteen Inches of Water is equivalent to one of 
the Mercury (becauſe Water is about fourteen 
in Times lighter than Mercury) this additional 
. Preſſure therefore will make the Mercury aſ- 
xx Fcend at X, as much as the ſuppoſed Variation 
Va. Jin the Weight of the Air did at firſt. This Aſcent 
the © will give Room for a ſecond cubic Inch of Water 
to enter the Baſon ; the Machine will therefore 
nch! Abe again rendered heavier by the Weight of fo 
much Water, and accordingly will ſubſide four- 
ler teen Inches farther. This will occaſion another 
additional Preſſure of Water, which will raiſe 
© "© FanotherInch of Mercury, and make the Machine 
n fink fourteen Inches more, and fo on, without 
un: ever approaching nearer to an Æquilibrium with 
the external Air: and therefore a Scale, anſwer- 
Fog to the Variation of this Barometer, ought 
© ſtrictly and properly to be of an infinite Length; 
becauſe after this Barometer has ſunk or riſen 
thouſands of Miles (if that were poſlible) it 
would ſtill have the fame Tendency to fink 
gor riſe on, as when it firſt ſet out. 
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Now, was the Rod WS ſo ſmall, that a 


cubic Inch of it ſhould be more than fourteen 
Inches long (the other Parts remaining as was 
ſuppoicd above) the Variation in this Barome- 
ter would be more than infinite, or negative 
with Reſpect to thoſe of the common Barome- 
ter. The Meaning of which is, that whereas 
in the common Barometer, the ſuſpended Co- 
lumn of Mercury, by its riſing or falling, ap- 
proaches nearer to an Ægquilibrium with the 
external Air, this Barometer would continually 
recede from an Ægquilibrium with it; ſo that 
the farther it ſhould move up or down, inſtead 
of acquiring by that Means a leſs Tendency to 
move on, as the Mercury in the common Baro- 
meter does, it would acquire a greater, 

On the contrary, when a cubic Inch of the 
Rod is leſs than fourteen Inches in Length, the 
Variation will be finite ; and may be made to 
bear any Proportion to thoſe of the common 
Barometer whatever, as demonſtrated in the 


toregoing Note, 


While I am writing this, another Method 
occurs to me of making a Barometer, wherein 
the Scale of Variation ſhall bear any Propor- 
tion to that of the common one. It is this; 
Let there be a compound Tube, as ABC (Fg. 
36.) hermetically ſealed at A, and open at C. 
empty from A to D, filled with Mercury from 


thence to B, and from thence to E with Wa- 
—_ | tr: 
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ter : Then, if the Tube FC be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
Water at E will be infinite; if it be above ſo 
many Times leſs, it will be more than infinite, 
otherwiſe it will be finite. See the Demon- 
ſtration in the Note “. 


That 


Let v denote a given Variation in the common Barometer, x 
the correſpondent Variation at E ſought. Let tie Ratio of 2 to 
1, expreſs that of the ſpecific Gravity of Mercury, to that of Wa- 
ter; and 4 to 1, that of the Diameter of the Tube FA to FC. 
Then the Variation at E, the lower Surface of the Water, being 
ſuppoſed x, the Variation of it at B, the upper Surface of it will 


* 
be — and conſequently GE, the Difference of the Legs EK and 
ad? * 
KB, will vary y+— Again, the Variation of the Surface of 
d d* 
the Mercury at B will be the ſame with that of the Water in the 
* 
ſame Place, wiz. —; and, if the Tube is of the ſame Diameter 
ad 
at D, as at B, the Variation of the Surface at D will alſo be the 
X 
ſame, that is, —: The Sum of both Variations, or the Variation 
ad 2 x 
cf HD the Difference of the Legs, will therefore be-—. Now the 
dd 
Preſſure of the Mercury and Water together upon the Air at E, is 
owing to the Lengths of HD and GE; and ſince one of theſe will 
always ſhorten, when the other lengthens, the Variation in their 
Prefſure will depend on the Variation of the Difference of their 


& Weights, that is, of the Difference between the Weight of x + 
* 


2 * 


- * 
— and of — But the Weight of x+— (being the Weight of 
ad ad * a * n a 


Column of Water) compared to that of a Column of Mercury of 


* 
XI T7 
che ſame Length, is only 


. The Difference therefore be- 


am tween 
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That the Variation in this Barometer may 
be infinite, will appear from the following 
Computation. 

Let the Proportion between the Bores of the 
Tube AF and FC be ſuch, that when HD, 
the Difference of the Legs wherein the Mer. 
cury is contained, is augmented one Inch, GE 
the Difference of the Legs, wherein the Water 
is contained, ſhall be diminiſhed fourteen ; then, 
as much as the Preſſure of the Mercury js aug- 
mented, that of the Water will be diminiſhed, 
and ſo the Preſſure of both taken together will 
remain as it was. And conſequently, after it 
has began to riſe, it will always have the ſame 
Tendency to riſe on, without ever coming to 

an Æquilibrium with the Air, 
How far this Barometer will ſucceed in Prac- 
tice, mult be left to Experience to determine. 


K* 
4 2* 
tween and — will always be equal to the Variation in 
m ad 
* 
2x *T7 
the common Barometer, and therefore — —— = , and by 
dd n 
Ad 
the common Method of Reduction, x=———— : That is, x: 
2. 44—1 


:: ndd: zu -4d4—1. Now, if we put = 14, and 43, 2, 
-a and—1 will be as much as 2m, and therefore 22-44 
will be equal to nothing; and ſo x being by the Proportion 3 
many Times more than v, as madd is than nothing, tis infinite 
And if n be put=14, and d=5, mdd will be equal to 35% 
and 2m—dd—1==2 ; and therefore the Variations, in this Car, 
will be to thoſe in the common Barometer, as 175 to one. 
Pro- 
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Probably, if the Bore of the Tube FC be made 
very ſmall, vig. about the twentieth Part of 
an Inch Diameter, the Air will not aſcend 
through the Water, as it is apt to do through 
the Mercury in the pendent Barometer; and 
the Smallneſs of the Bore will not prevent the 
Water, from moving, near ſo 222% 3 as it does 
the Mercury in that Barometer. 

There is an Improvement of another Kind 
in the common Barometer, whereby it is ren- 


) dered portable. The Tube containing the 


Mercury, inſtead of having its lower End im- 
merged in a Veſſel of that Fluid, has it tied 
up in a leathern Bag, not quite full of Mercu- 
ry. And though the external Air cannot get 
into the Bag to ſuſpend the Mercury in the 


Tube, by preſſing on its Surface, as in the 
common one; yet it has the ſame Effect by 
# preſſing on the Outſide of the Bag, which, being 


pliant, yields to the Preſſure, and keeps the 


Mercury ſuſpended in the Tube at its proper 
Height. This Bag is generally incloſed in a 


little Box, through the Bottom of which paſſes 


a Screw; with this Screw the Bag may be 
# compreſſed, ſo as to force the Mercury up to 


K 


the Top of the Tube; which keeps it ſteady, 
and hinders it from breaking the Tube by daſh- 


ing againſt the Top when it is carried about, 
as it otherwiſe would be apt to do. 


See 


| 
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See more on the Subject of this Diſſertation, 
Weidleri Inſtitutiones Mathemat. p. 608. Me/. 
chior Verdries Phyſ. Pars ſpecialis, Cap. IV. 
8. 15. Mr. Paſchal's Traitè de VEquilibre 
des Liqueurs. Sinclair's Ars magna Gravitatis 
& Levitatis. Mariotte's Second Eſſay de la 
Nature de V Air. Philoſoph. Burgund. Tom. II. 

. 850. Saul's Treatiſe on the Barometer. 
Regnault's Philoſoph. Converſat. 22. Clares 
Motion of Fluids, p. 141. Mem. de V Acad, 
1705, 1711. Philoſophical Tranſactions N-. 
9, 10, II, 55, 86, 91, 165, 181, 185, 208, 
229, 236, 237, 240, 243, 209, 351, 306, 
385, 388, 405, 406, 427. Cotes's Hydro- 
ſtatical and Pneumatical Lecture. Lett. 7, 
With ſeveral other Authors referred to in Mr. 
Fohnſon's Quæſtiones Philoſophicæ, Cap. VI. 
Quæſt. 36, 37. 
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DISSERTATION YV: 
Of the Origin of the Winds. 


HE Wind is no other, than the Mo- 

tion of the Air, upon the Surface of 
the Globe. Some of the Ancients took it 
to be Air, ruſhing out of the Bowels and 
Cavities of the Earth: And others thought it 
an Exhalation from its Surface. But theſe 
are Hypotheſes too chimerical to ſtand in 
Need of a particular Confutation. Some of the 
Moderns, who held a Plenum, have account- 
ed for it thus. They imagined, that the Air 


being confined above, as it mult be, if we ſup- 


poſe a Plenum, would, when more than or- 
dinarily rarefied, or ſtocked with Vapours, 
drive away the neighbouring Air, in order to 


make room for itſelf ; and by this Means occa- 
ſion a Wind. Others, obſerving a conſtant 
and perpetual eaſterly Wind to blow at the 
Eguator, aſcribed its Origin to the diurnal 


Rotation of the Earth, about its Axis from 
Weſt to Eaſt; which they thought would 


8 occaſion the Air upon its Surface, to ſeem to 


move the contrary Way, being in ſome Mea- 
ſure left behind. But, whereas there are 


Winds, in ſome Places near the Equator, 


4 that 
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that blow on other Points of the Compaſs 
(as we ſhall ſee hereafter) this Hypotheſis is 
inſufficient. Beſides, the Air preſſing upon 
the Surface of the Earth by its Gravity, like 
other Bodies ; and having nothing to hinder it 
from moving freely along with it, muſt neceſſa- 
rily, in Time, acquire an equal Degree of Ve- 
locity, and fo keep Pace with it, all the Way 
round. 

The principal Cauſe of the Wind, or, in 
other Words, of the Air's moving from Place 
to Place, upon the Surface of Ke Earth, is 
the Atmoſphere's being heated over one Part 
more than over another. For, in this Caſe, 
the warmer Air, being rendered ſpecifically 
lighter than' the reſt, riſes up into the ſuperior 
Parts of the Atmoſphere, and there diffuſes it- 


_ ſelf every Way; while the neigbouring infe- 


rior Air ruſhes in from all Parts at the Bottom, 
to reſtore the AÆaquilibrium. 

Upon this Principle it is, that moſt of the 
Winds may be accounted for. 
| To begin with thoſe which blow under the 
Equator. 


1. Under the Equator, the Wind is always 
obſerved to blow from the Eaſt Point *. . 
or, 


* For the Reader's Eaſe (who perhaps is not furniſhed 
with the Philoſophical Tranſactions) I ſhall here inſert by Way 
of Note, from Dr. Halley's Account, ſo much of the Hiltory of 


the Winds, as may be neceſſary for the underſtanding this Thy 


8 
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For, ſuppoſing the Sun to continue vertical 


over ſome one Place, the Air will be moſt ra- 


refied there; and conſequently, the neighbour- 


ng 


The univerſal Ocean, ſays he, may moſt properly be divided 
into three Parts, viz. 1. The Atlantic and AMthiopic Seas. 
2. The Indian Ocean. 3. Ihe great South Sea, or the Pacific 


Ocean. 


« I. In the Alantic and Mthiqpic Seas, between the Troptcs, 
there is a general eaſlerly Wind all the Year long, without 
any conſiderable Variation; excepting, that it is ſubject to be 
deflected therefrom, ſome few Points of the Compaſe, towards 
the North, or South, according to the Poſition of the Place. 

« 1. Near the Coaſt of 4/7ica, as ſoon as you have paſſed the 
Canary Illes, you are ſure to meet, a freſh Gale of North-eaſt 
Wind, about the Latitude of twenty-eight Degrees North; 
which ſeldom comes to the Eaſtwards of the Eait-north-eaft, 
or paſſes the North - north; eaſt. This Wind accompanies thoſe 
bound to the Southward, to the Latitude of ten Degrees North, 
and about an hundred Leagues from the Guinea Coaſt; where, 
till the fourth Degree of North Latitude, they fall into Calma 
and Jornadocs, or ſudden Storms. 

2. Thoſe hound to the Caribbe Iles, find, as they approach 
the American Side, that the aforeſaid North-eaſt Wind be- 
comes ſtill more and more eaſterly, ſo as ſometimes to be Eaſt, 
ſometimes Eaſt by South, but yet moſt commonly to the North- 
ward of the Faſt, a Point or two, ſeldom more. Tis likewiſe 
obſerved, that the Strength of theſe does gradually decreaſe, 
as you {ail to the Weſtward. 

** 3. That the Limits of the Trade and variable Winds in 
this Ocean, are farther extended on the American Side, than 
the African; for, whereas you meet not with this certain 
Wind, till after you have paſs'd the Latitude of twenty eight 
Degrees on this Side ; on the contrary Side it commonly holds 
to thirty, thirty-one, or thirty-two Degrees of Latitude ; and this 
is verified likewiſe to the Southward of the guinoctial; for 
near the Cape of Good Hepe, the Limits of the Trade Winds are 
three or four Degrees nearer the Line, than on the Coalt 


of Brazil, 
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ing Air will ruſh in from every Quarter with 
equal Force. But, as the Sun is continually 


ſhifting to the Weſtward, the Part, where the 
Air 


% 4. That from the Latitude of four Degrees North, +, 
5 the aforeſaid Limits on the South Side of the Euary,, the 
% Winds. are generally and perpetually between the South 
5 and Eaſt, and meſt commonly between the South-eoft and 
« Faſt; obſerving always this Rule. that on the Africa» Side, 
« they are more ioutherly, on the Braſilian more eaſterly, ſo 2 
« to become almoſt due Eaſt, the little Deflection they have he. 
ing ſtill to che Southward. In this Part of the Ocean, it 
% has been my Fortmie to paſs a full Yexr, in an Fmploy- 
« 1aent that obliged me to regard more than ordinarily the 
% Weather, and I found the Winds coniiantly about the 
« Sow'h-exft, the moſt 'nival Point South-eait by Faſt; When 
« jt was ealterly, it generally blew hard, and was gloomy, 
« dark, and ſometimes rainy Weather: If it came to the South, 
« wards, it was generally ſerene, and a imall Gale next to 2 
« Calm; bat this not very common. But J never ſaw it tothe 
« Weſtwards of the South, or Northwardcs of the Eaſt. 

4 5. That the Seaſon of the Year has ſome ſmall Effect © 
„ theſe Trade Winds; for that when the Sun is conſidetaby to 
% the Northward of the Equator, the South-eaſt Winds, ee. 
te cially in the Streight cf this Ocean (if I may 0 call 1) 
c between Braſil, and the Coaſt of Guinea, do vary a Point ci 
« two to the Southward. and the North-eaſt become more 
« eaiterly ; and, on tae contrary, when the Sun is towards the 
& Tropic of Capricorn, the South-eaſterly Winds become more 
te eaſterly, and the North-caſterly Winds, on this Side the 
«© Line, veer more to the Northward. 

6. That as the:e is no general Rule, that admits not of ſome 
Exception, ſo there i in this Ocean a Tract of Sea, wheren 
„the ſoutherly and Soth weſt Winds are perpetual, iz. al 
« along the Coaſt of Guizea, for above five hundred Leagues . 
„ oether, from Sierra Leona, to the Iſle of St. Thomas: Hor 
„the South-eaſt Trade Wind having paſs'd the Line. and ip 
8 NN the Coalt of Guinea within eighty or an hundred 
Leagues, inclines towards the Shore, and becomes Soutk-ſoutt 
« eaſt; and by Degrees, as you come neater, it veers about 5 
South, South-ſouth-weſt, and in with the Land bo ant 
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Air is moſt rarefied, is carried the fame Way: 
and therefore the Tendency of all the lower Air, 
taken together, is greater that Way, than any 

other. 


« ſometimes Weſt ſouth-weſt. Theſe are the Winds, which are 
« gh/erved on this Coaſt when it blows true; but there are fre- 
« quent Calms, violent ſudden Guſts, called Tornadoes, from all 
« Points of the Compaſs, and ſometimes unwholſome toggy 
« eaſterly Winds, called Hermitæ, by the Natives, which too 
© often infeſt the Navigation of theſe Parts. 

«++ 7. That to the Northwards of the Line, between four and 
ten Degrees of Latitude, and between the Meridians of Cape 
« Verde, and of the eaſtermoſt Iſlands that bear that Name, there 
is a Tract of Sea, wherein it were improper to ſay, there is 
any Trade Wind, or yet a variable; for it ſeems condemned to 
*« perpetual Calms, attended with terrible Thunder and Light- 
ning. and Rains ſo frequent, that our Navigators from thence 
* call this Part of the Sea, the Rains: The little Winds that 
are, being only ſome certain Gaſts, of very little Conti- 
** nuance, and Jeſs Extent; ſo that ſometimes each Hour you 
* ſhall have a different Gale, which dies away into a Calm 
« before another ſucceeds : And in a Fleet of Ships in Sight of 
*« one another, each ſhall have the Wind from a ſeveral Point of 
the Compaſs : With theſe weak Breezes, Ships are obliged ta 
« make the beſt of their Way to the Southward, through the 
* aforefaid ſix Degrees; wherein it is reported ſome have been 
« detained whole Months for want of Wind. ooo. 


* IL. In the Indian Ocean, the Winds are partly general, 
* as in the A#hiopic Ocean; partly periodical, that is, half 
the Year they blow one Way, and the other half, near upon 
* the oppoſite Points; and theſe Points and Times of ſhifting, 
are different in different Parts of this Ocean. 

© 1. Between the Latitudes of ten Degrees and thirty Degrees 
© South, between Madagaſcar and Hollandia n:va, the Gene- 
* ral Trade- Winds about the South-eaſt and by Eaſt, ate found 
* to blow all the Year long, to all Intents and Purpoſes, 
* after the ſame Manner, as in the fame Latitudes in the 


* /Ethicpic Ocean, as it is deſcribed in the fourth Remark: 
** aforegoing. 
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other. Thus the Tendency of the Air to- 
wards the Weſt, becomes general, and it; 
Parts impelling one another, and continuing to 
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« 2. That the aforeſaid South-eaſt Winds extend to within 
two Degrees of the Equator, during the Months cf June, 
Fuly, and Auguſt, &c. to Nowember, at which "Time, between 
the South Latitude of three and ten Degrees, being near the 
Meridian of the North End of Madagaſcar, and between tuo 
and twelve South Latitude, being near Sumatra and Java; 
the contrary Winds from the North-weſt, or between the 
North and Weſt, ſet in, and blow for halt a Yeur, vis. 
from the Beginning of December till May : And this Mz. 
ſcon is obſerved as far as the Malucca Iles. 

« 2, That to the Northward of three Degrees South Lati. 
tude, over the whole Arabian and Indian Sea, and Gulf of 
Bengal, from Sumatra to the Coaſt of Africa, there is another 
Monſoon, blowing from October to April, upon the North. 
eaſt Points: But in the other half Year, from April to October, 
upon the oppoſite Points of South-weſt, and Welt-ſouth-weſi, 
and that with rather more Force than the other, accompanied 
with dark, rainy Weather; whereas the North-ealt blows clear, 
"Tis likewiſe to be noted, that the Winds are not ſo conſtant, 
either in Strength or Point, in the Gulf of Bengal, as they 
are in the Indian Sea, where a ceriain ſteady Gale ſcarce ever 
fails. *Tis alſo remarkable, that the South-weit Winds, in 
theſe Seas, are generally more ſoutherly on the African Side, 
and more weſterly on the Indian. 

« 4. There is a Tract of Sea to the Southwards of the 
Equator, ſubject to the ſame Changes of the Winds, zz. 
near the African Coaſt, between it and the Iſland Madzge/car, 
or St. Laurence, and from thence Northwards, as far as the 
Line; wherein from April to October, there is found a con- 
ſtan; freſh South - ſouth-weſt Wind, which, as you go more 
northerly, becomes itill more and more weſterly, fo as to fall 
in with the Welt-ſouth-weſt Winds, mentioned before in those 
Months of the Year to be certain to the Northward of the 
Equator. What Winds blow in thoſe Seas, for the other 
half Year, I have not yet been able to obtain to my full Satiſ 


faction: The Account which has been given me, is only * 
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move till the next Return of the Sun, ſo much 
of its Motion as was loſt by his Abſence, 
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is again reſtored, and therefore the eaſterly 
Wind becomes Perpetual, 


Some 


« That the Winds are much eaſterly hereaboute, and as often to 
« the North of the true Eaſt, as to the Southward thereof. 

« 6, That to the Ealtward of Sumatra and Malacca, to the 
« Northw:rds of the Line; and along the Coait of Cambaia 
„ and China, the Monſoons blow North and South; that is to 
« {ay, the North-eaſt Winds are much northerly, and the 
« South-weſt much ſoutherly. This Conſtitution reaches to the 
« Faltward of the Philippine Iſles, and as far northerly as 
« Japan; the northern 1Mon/o2n letting in, in theſe Seas, in 
October or Newember ;z and the fouthern in May, blowing all 
« the Summer Months. Here it is to be noted, that the Points of 
« the Compaſs from whence the Winds come, in theſe Parts of 


© © the World, are not fo fixed, as thoſe lately deſcribed ; for the 


« ſoutherly will frequently paſs a Point or two to the Eaſtwards 


ok the South, and the northerly as much as to the Weſtwards 


« of the North, which ſeems occaſioned by the great Quantity 
of Land which is interperſed in theſe Seas. 

„ 6, That in the ſame Meridians, but to the Southwards of 
the Equator, being that Tract lying between Sumatra and 
Jawa to the Weſt, and New Guinea to the Eaſt, the ſame 
„ northeriy and ſoutherly Mon/oors are obſerved ; but with this 


Difference, that the Inclination of the northerly is towards 


the North-weſt, and of the ſoutherly towards the South-eaſt : 
But the P/age Venti are not more conſtant here than in the 


former, viz. variable five or fix Points. Beſides, the Times of 
the Change of theſe Winds are not the ſame, as in the Chineſe 
Seas, but about a Month, or fix Weeks later. 


4 


7. That the contrary Winds do not ſhiit all at once, but in 


ſome Places the Lime of the Change is attended with Calus, 


(. 


in others with variable Winds; and it is particularly remark- 
able, that the End of the weſterly Manſoan, in the Seas of 


Cbina, are very ſubject to be tempeſtuous. The Violence of 


theſe Storms is ſuch, that they ſeem to be of the Nature of the 
Mit. India Hurricanes, and render the Navigation of theſe Parts 


very unſafe about that Time of the Year. ITheſe Tempeſts are 
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Some are inclined to think, that the con- 
tinual ſhifting of the Sun to the Weſtward, 
ſhould produce a weſterly Wind under the 
Equator, by cauſing the Current of the Air from 
the Weſt to exceed and over-balance that, 


« by our Seamen, uſvally term'd the Breaking up of the Ilir 
* /oons. 


« III. The Third Ocean, called Mare Pacificum, whoſe Fx. 
« tent is equal to that of the other two (it being from the Welt 
Coal of America to the Philippine Iſlands, not leſs than an hun. 
« dred and fifty Degrees of Longitude) is that which is leaſt 
« known to our own, or the neighbouring Nations: That Navi. 
« gation that there is on it, is by the Spaniards; who go 
«« year], from the Coaſt of New-Spain to the Manilha's: But 
« that but by one beaten Track; ſo that I cannot be ſo particular 
4 here, as in the other Two. What the Spaniſb Authors ſay of 
« the Winds, they find in their Courſes ; and what is confirmed 
by the oid Accounts of Drake and Candiſb, and ſince by 
« Schoten, who ſailed the whole Breadih of this Sea, in the 
« ſouthern Latitude of fifteen or ſixteen Degrees, is, that there is 
% a great Conformity between the Winds of this Sea, and thoſe 
« of the Atlantic and Ethiopic ; that is to ſay, that to the North- 
« ward of the Equator, the predominant Wind 1s between 
„% the Eaſt and North-eaſt ; and to the Southwards thereof, there 
* is a conſtant, ſteady Gale, between the Eaſt and Souih-cai, 
« and that on both Sides the Line, with ſo much Conſtancy, dat 
« they ſcarce ever need to attend the Sails; and ſtrengch, that: 
« is rare to fail of croſſing this vaſt Ocean in ten Week 
« Time; which is about an hundred and thirty Miles a Dey; 
« Beſides, tis ſaid, that Storms and Tempelts are never known 
« in theſe Parts, wherefore ſome have thought it might be a 
« ſhort a Voyage to Jaan and China, to go by the Streights of 
« Magellan, as by the Cape of Good Hope. | 

« The Limits of theſe General! Winds are much the fame 
« as in the Atlantic Sca, wiz. about the thirtieth Degree of I 
« titude on both Sides. Beſides, a farther Analogy between de 
« Winds of this Ocean, and the Ethiepic, appears in that 
that upon the Coaſts of Peru, they are always much ſouther!' 
„Aike as they are found near the Shores of Angola. 
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which oppoſes it from the Eaſt. For, where- 
as the eaſtern Air retains its Heat ſome time 
after the Sun is removed from it, it muſt al- 
ways be rarefied to a greater Degree, and 
allo to a greater Diſtance from the Place to 
which the Sun is vertical, than the weſtern Air 
is; and therefore the weſtern Air, being more 
ponderous, ſhould be an Over-balance for the 
eaſtern, and drive its Current before it. 

But it is to be oblerved, that we are not to 
conſider the Point to which the Sun is ver- 
tical, but the Point of greateſt Rarefaction 
(which, upon Account of the Sun's Motion to 
the Weſtward, lies always to the Eaſtward) ; 
and then ſee, which Side of the Column of 
Air, incumbent over that Point, ſuſtains the 
greater Preſſure from the neighbouring Co- 
lumns. Now, although the Air is rarefied 
cven farther to the Eaſt of this Point, than 
to the Welt, yet ſtill, if we ſuppoſe che Point 
to keep its place, the Air over it will ſuſtain 
an equal Degree of Preſſure on each Side. 


F or, tince no Column can he aſſigned on the 
weſtern Side, but one alſo on the eaſtern, 


may be tound under an equal Degree of Rare- 
taction, and therefore of the ſame ſpecific Gra- 
vity : And ſince Fluids of equal Heights, and the 
lame ſpecific Gravities (whatever be the 
Breadth of their Columns) preſs equally againſt 
equal Objects, (Chap. I. F. 9.) 'tis very 
evident, that the Column of Air, over the 

R Point, 
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Point of greateſt Rarefaction, is preſſed equal. 
ly both Ways; and fo, upon this Suppofition, 
each Wind will blow towards that Point with 
equal Force. But, if we ſuppoſe the Point of 
greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this Æquilibrium 
will by that Means be deſtroyed, and the 
Motion of the Air (upon the whole) deter- 
mined that Way. For let us conſider any 
Portion of the weſtern Air approaching to- 
wards the Point of greateſt Rarefaction, if 
that Point ſhifts, in the mean Time, towards the 
Weſt, then will that Portion reach the aid 
Point ſooner than it otherwiſe would have 
done; thereby loſing a Part of its Motion, by 
which Means the weſterly Current will be dimi- 
niſh'd. Again, if, while the Eaſt Wind blows 
towards the Point of greateſt Rarefaction, that 
Point moves on before it, then will the eaſtern 
Air. have a greater Quantity of Motion, than 
it otherwiſe would have had; that, which 
ſhould have been an Impediment to it, being, 
upon this Suppoſition, in ſome Meaſure with- 
drawn; and ſo the Eaſt Wind will be aug- 
mented. Thus, the Weſt Wind having its 
Force leſſen'd by the Motion of the Sun, and 
the Eaſt one being increaſed, the latter at 
length as it were abſorbs the former, and car- 
ries it away in its own Direction. 

2. On each Side of the Equator, to about 
the thirtieth Degree of Latitude, the our 7 

un 
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- A found to vary from the Eaſt Point, ſo as to be- 


come North-eaſt on the northern Side, and 
h 23 South-caſt on the ſouthern. 

f * The Reaſon of which is, that, as the egua- 
e | & rorial Parts are hotter than any other, both 
„ he northern and ſouthern Air, ought to have 
e a Tendency that Way; the northern Current 
;- | Þ therefore, meeting in this Paſſage with the 
y # eaſtern, produces a North-eaſt Wind on that 
0 Side; as the ſouthern Current joining with the 
if } #88 fame, on the other Side the Equator, forms 
he a South-caſt Wind there. 

id ; Theſe two Propoſitions are to be under- 
ve ſtood of open Seas, and of ſuch Parts of them 
by Jas are diſtant from the Land; for near the 
1 Shores, where the neighbouring Air is much 
wi | rarefied, by the Reflection of the Sun's Heat 
at from the Land, it frequently happens other- 
m uviſe particularly, 


3. On the Guinea Coaſt, the Wind always 
ſets in upon the Land, blowing weſterly in- 
ſtead of eaſterly. This is becauſe the Deſerts 
of Africa lying near the Equator, and being 
a very {andy Soil, reflect a great Degree of 
eat into the Air above them. This therefore 
being rendered lighter, than that which is 
over the Sea, the Wind continually ruſhes in 
upon the Land to reſtore the Æquilibrium. 
4. That Part of the Ocean, which is called 
the Rains, is attended with perpetual Calms, 
he Wind ſcarce blowing ſenſibly either one 

| R 2 Way 
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Way or other. (See its Situation deſcribed in 


Note, Page 119, Remark 7th). For this Tra 


being placed between the weſterly Wind blow. 
ing from thence towards the Coaſt of Cin 
and the eaſterly Wind blowing from the ſam 
Place to the Weſtward thereof, the Air ſtand; 
in Mquilibrio between both, and its Gravity i; 
ſo much diminiſhed thereby, that it is not able 
to ſupport the Vapour it contains, but lets it 
fall in continual Rain, from whence this Part 
of the Ocean has its Name. 

5. There is a Species of Winds, obſervable 
in 'fome Places within the Tropzcs, called 
by the Sailors Monſoons, which, during tix 
Months of the Year, blow one Way ; and the 
remaining fix, the contrary. 

The Occaſion of them in general is this: 
When the Sun approaches the northern Tr:p:c, 
there are ſeveral Countries, as Arabia, Per- 
fia, India, &c, which become hotter, and 
reflect more Heat than the Seas beyond the 
Equator, which the Sun has left; the Wind 
therefore, inſtead of blowing from thence to 
the Parts under the Equator, blow the con- 
trary Way; and when the Sun leaves that 
Countries, and draws near the other Tr: 
pic, the Winds turn about, and blow on tix 
oppoſite Point of the Compals. | 

The Regularity of theſe Winds making 
them more than ordinarily uſeful in Navige- 


tion, they are from thence called T 
| Wind: 


Dif. V. Of the Origin of Winds. 127 


Winds. As to other Circumſtances relating 
to them, and the particular Times and Places 
of the Mon ſoons, &c. See the Hiſtorical Ac- 
count in the foregoing Note; all which might 
caſily be ſolved upon the ſame Principle, had 
we Data to go upon, and were all the ſeveral 
Circumſtances of Situation, Heat, Cold, Cc. 
ſufficiently known *. 

From the Solution of the general Trade 
Winds, we may fee the Reaſon, why in the 
Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 
abouts, as was obſerved in the foregoing 
Diſſertation, there is generally a Weſt, or 
South-weſt Wind. For, as the inferior Air, 
within the Limits of thoſe Winds, is conſtant- 
ly ruſhing towards the Equator, from the 
North-eaſt Point, or thereabouts, the ſuperior 
Air moves the contrary Way ; and therefore 
after it has reached theſe Limits, and meets 
with Air, that has little or no Tendency to 


Some have thought, that the Regularity of the general Trad: 
Winds is partly owing to the diurnal Motion of the Moon from 
Eaſt to Welt. For, as the Sun renders the Air ſpecifically lighter 
by its Heat, ſo does the Moon by attracting it, in the ſame Man- 
ner, as it does the Sea, in railing the 1ides. Burt it is to be ob- 
ſerved, that as the Moon acts with the greateſt Force upon the 
ſuperior Parts of the Air, and as thoſe ſuperior Parts are uncon- 
ned, and therefore more at Liberty to ruſh in, in Order to re- 
ſtore the Mquilibrium; it will from hence follow, that the ruſhing 
in of the iuperior Parts of the Atmoſphere will principally con 
tribute towards reſtoring the LEquikbrium ; and fo the Motion. 
produced below, will be very inconſiderable. 
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any one Point more than to another, by Reaſon 
of the Sun's Diſtance, it will determine it to 
move in the ſame Direction with itſelf. 

In our own Climate we frequently expe- 
rience, in calm Weather, gentle Breezes blow- 
ing from the Sea to the Land, in the Heat of 
the Day; which Phænomenon is very agree- 
able to the Principle laid down above : For 
the inferior Air over the Land being rarefied 
by the Beams of the Sun, reflected from i! 
Surface, more than that which impends over 
the Water which reflects fewer, the latter i; 
conſtantly moving on to the Shore, in order 
to reſtore the Equilibrium, when not di- 
ſturbed by ſtronger Winds from another Quar- 
der 

From what has been obſerved, nothing is 
more eaſy than to ſee, why the northern and 
touthern Parts of the World, beyond the Li- 
mits of the Trade Winds, are ſubject to ſuch 


* In Confirmation of thi:, we have an eaſy, and very per- 
ment Experiment, related by Mr. Clare, in his Motion of Fluid, 
Take, ſays he, a large Diſh, fill it with cold Water; into the 
Middle of this put a Water-Plate, filled with warm Water. 
The firſt will repreſent the Ocean; and the other an Ifland, 
«+ rarefying the Air above it. Blow out a Wax Candle, and if 
the Place be ſtil, on applying it ſucceſſively to every Side of 
the Diſh, the fuliginous Particles of the Smoak, being viſole 
„ and very light, will be ſeen to move towards the Hate, 
* and rifing over it, point out the Courſe of the Air from Sea 
to Land. Again, if the ambient Water be warmed, and © 
Plate filled with cold Water, let the ſmnoaking Wick of the 
Candle be held over the Plate, and the contrary will happen. 


Variety 


7 
* 
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Variety of Winds. For the Air, upon Ac- 
count of its Diſtance from the Equator, being 
undetermined to move towards any fixed Point, 
is continually ſhifting from Place to Place, in 
Order to reſtore the Æquilibrium, wherever it 
is deſtroyed ; whether by the Heat of the Sun, 
the riſing of Vapours, or Exhalations, the melt- 
ing of Snow upon the Mountains, and a great 
Variety of other Circumitances, more than 
can be eaſily enumerated. 

We are told by Hiſtorians, of certain Caves 
that emit Wind ; if fo, it is when the included 
Air is rarefied by Heat, and therefore ruſhes 
out for want of Room ; or, when the Preſſure 
of the external Air, incumbent upon the Mouth 
of the Cave, is diminiſhed, and fo permits the 


internal Air to dilate itſelf, and iflue out. 


For more on this Subject, ſee Nreuwenty”s 


Religious Philoſopher. Regnault's Philoſo- 


phical Converſations. Clare's Motion of Fluids. 
Martin's Philoſophical Grammar. And the 
Authors referred to in Mr. ohnſon's Quæſtiones 


Philoſoph. Cap. IV. Quæſt. 1. 2. 


D I S- 
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DISSERTATION Vi. 


Of the Formation, and Aſcent of Va- 
pours, and their Reſolution int; 
Rain, Snow, and Hail. 


EI HAT Vapours are raiſed from off tie 
Surface of Water by the Action of the 
Sun's Heat, is agreed on by all: But the 
Manner in which this is done, has ever been 1 
Controverſy among Philoſophers ; neither is it 
at this Time ſufficiently explain'd by any one. 

If we conſult a Carteſian upon this Matter, 
he immediately tells us, that, by the Action 
of the Sun upon the Water, ſmall Particles ct 
the Water, are formed into hollow Sphere, 
filled with Materia Subtilis, and by that 
Means becoming lighter than an equal Bulk 
of Air, are eaſily buoyed up in it. But, « 
this Materia Subtilis is only a Fiction, the S- 
lation 15 not to be regarded. 

Dr. Nieuwwentyt, and ſeveral other Pi- 
ſophers, who maintain, that Fire is a part. 
cular Subſtance, diſtinct from other Matter, 


account for the Formation and Aſcent of V:- 


pours thus: They ſay, that the Rays of the 
Sun, or Particles of Fire ſeparated from then, 
adhering to Particles of the Water, make 


10 
4 
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up little Bodies, lighter than an equal Bulk 
of Air; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come to 
an Height where the Air is of the ſame ſpeci- 
fc Gravity with themſelves. And, that Rain 
is produced by the Separation of the Particles 
of the Fire from thoſe of the Water ; which 
laſt, being then left without Support, can no 
longer be ſuſtained by the Air, but falls down 


he in Drops of Rain “. 

e This Opinion is liable to the following Dif- 
ne | ficultices; F/, Fire has never been yet pro- 
14 ved to be a diſtinct Element, or a particular 


SIE Subſtance + ; and the Change of Weight in 
ic. | FBodies in chymical Preparations, heretofore 
ter, thought to ariſe from the Adheſion of Particles 
on got Fire, is found to proceed from the Adheſion 


st Hot Particles of Air 8. 

„ Secondly, Should the above-mentioned Sup- 
ther poſition be allowed, the ficry Particles, which 
uk I are joined to the watery ones to buoy them 
, up, muſt be conſiderably large, or elſe a very 


80 ; great Number muſt fix upon a fingle Particle 
pf Water; and then a Perſon, being on the Top 
- pf an Hill in a Cloud, would be ſenſible of 


he Heat, and find the Rain produced from 
at Vapour, much colder than the Vapour it- 


p * See Nieurrenty?'s Religious Philoſopher, Contempl. 19. 
ee the Authors referred to in Mr. Fednſon's Quæſtiones 
locoph. Cap I. Queſt. 30. 

e Dr. Halcs, in his vegetable Statics. 

8 {elf 
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ſelf : whereas the contrary is evident to our 
Senſes; the Tops of Hills, though in the 
Clouds, being much colder than the Rain 
which falls below. 

Beſides, the Manner in which the Particle; 
of Water ſhould be ſeparated from thoſe of 
the Fire, ſo as to fall in Rain, is not eaſily to 
be conceived, 

The moſt generally received Opinion is 
That by the Action of the Sun, on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, filled with a Flatus, or 
warm Air, which renders them ſpecifically 
hghter than common Air, and makes them 
riſe therein, till they meet with ſuch as is f 
the ſame ſpecific Gravity with themſelves “. 
But I ask, 

Fir/t, How comes the Air in the Bubbles to Þ * 
be ſpecifically lighter than that without, fince Þ 2 
the Sun's Rays, which act upon the Water 
from whence they are raiſed, are equally denſe 
over all its Surface ? 

Secondly, If it could be poſſible for rar 
Air to be ſeparated from the denſer ambient 
Air, to form the Bubbles (as Bubbles of ſoape! 
Water are blown up by warm Air from ie 
Lungs, whilſt the ambient Air is colder and 
denſer) what would hinder the external Al eir rep 
from reducing that, which is incloſed in te Article 
Bubbles, immediately to the ſame Degree 4 chat 


* Philoſophical Franſactions, No. 192. Col very 
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Coldneſs, and ſpecific Gravity with itſelf; 
( (Cold being readily communicated through 
* ſuch thin Shells of Water). By which means, 
the Bubbles would become ſpecifically heavier 
than the circumambient Air, and would no 
| longer be ſupported therein ; but fall down, 
* almoſt as ſoon as they were formed? 
s 7 hirdly, If we ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 
ne J hubbles of Water filled with Air, why do not 
thoſe Bubbles always expand, when the ambi- 
5 Air is rarefied, and preſſes leſs upon them 
than it did before; and why are they not con- 
dtlenſed, when the ambient Air is condenſed by 
the Accumulation of the ſuperior Air? But if 
is Condenſation and Rarefaction ſhould hap- 
pen to them, the Clouds would always conti- 
due at the ſame Height, contrary to Obſerva- 
k ; and we ſhould never have any Rain. 


4 


The two laſt Opinions are more largely ex- 
Imined by Dr. De/aguliers in the Philoſophi- 
al Tranſactions N“. 407. After which he 


e @deavours to eſtabliſh one of his own. 

ped He obſerves, with Sir 1/aac Newton, that, 
i hen by Heat or Fermentation the Particles 
and a Body are ſeparated from their Contact, 
Al eir repulſive Force grows ſtronger, and the 
1 rlicles exert that Force at greater Diſtances ; 
e 


chat the ſame Body ſhall be expanded into 
Very large Space, by becoming fluid; and 
8 2 may 
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may ſometimes take up more than a Milli 
of Times the Room it did in a ſolid and jr. 
compreſſible State. Thus, ſays he, if th- 
Particles of Water are tumed into Vapor. 
** by repelling each other ſtrongly, and ted 
& Air more than they repel each other; 1. 
e gregates of ſuch Particles, made up of Ve 
ce pour and Vacuity, may riſe in Air of d.F-wot 
« Denſi.ics, according to their own Dc. iy 


« deper ding on their Degree of Heat,” IE I 
obſerves farther, that Heat acts more power. $M © 1 
fully on Water, than on common Air; for thy Þ * 
the ſame Degree of IIcat, which rarchcs Ar WM © 
two Thirds, will rarely Water near fourtzn U © « 
thouſand Times, changing it into Sivan on MR © 1? 
Vapour as it boiis it. And in Winter, that 8 4.1] 
{mall Degree of Heat, which in Reſpect df ou Þ # © | 
Bodies appears cold, will raiſe a Steam or V.! # © : 
pour from Water, at the ſame Time that i Þ 7 © £ 
condenſes Air. Laſtly, he obſerves, That the *.y 
Denſity and Rarity of this Vapour depend 73 
chicfly on its Degree of Heat, and but litl: EY 
on ihe Preſiure of the circumambient Air, From "0 
all which he infers, That the Vapour being 4 
more rarefied near the Surface of the Eartl 8-4 
than the Air is there by the ſame Degree d © 1 
Heat, mult neceſſarily be buoyed up into tit rh 
Atmoſphere ; and ſince it does not expand ry © f 
ſelf much, though the Preſſure of the inc © \ 


bent Air grows leis, at length it finds a Pl 
where the Atmoſphere is of the ſame ſpecin 
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Gravity with itſelf, and there floats, till by 
ſome Accident or other, it is converted again 
into Drops of Water, and falls down in Rain. 


And to ſhew that Air is not neceſſary for the 


Formation of Steam or Vapour, he gives us 
this Experiment. 
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« ABCD (Fig. 37.) is a pretty large Veſ- 
ſel of Water, which muſt be ſet upon the 
Fire to boil. In this Veſſel muſt be ſuſpend- 
ed the Glaſs Bell E, made heavy enough 
to ſink in Water; but put in, in ſuch a Man- 
ner, that it be fille4 with Water when up- 
right, without any Bubbles of Air at its 
Crown within, the Crown being all under 
Water. As the Water boils, the Bell will 
by Degrees be emptied of its Water, being 
preſſed down by the Steam, which riſes 
above the Water in the Bell; but, as that 
Steam has the Appearance of Air, in Order 
to know whether it be Air or not, take the 
Veſſel off the Fire, and draw up the Bell 
by a String faſtened to its Knob at Top, 
till only the Mouth remains under Water ; 
then as the Steam condenſes by the cold 
Air on the Outſide of the Bell, the Water 
will rife up into the Bell at F, quite to the 
Top, without any Bubble above it ; which 


ſhews, that the Steam, which kept out the 
Water, was not Air, ” 


This 
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This Hypotheſis, howevever plauſible it may * 
appear, is attended with Difficulties, as well as 1 © | 
the other. For, e 

Firſt, If the repulſive Power of the Particles * 
of Water is ſufficiently augmented by Heat az 1 © 
fuch (and that by a very ſmall Degree of it) ks 
to make them recede from each other, and be- 1940 
come ſpecifically lighter than common Air, | RX © * 
how comes it to paſs, that all the Particles of | F<! 
Water, as ſoon as, or before it boils, have not | 3 trol 
their repulſive Forces thus augmented, ſince it, 
they are all under a much greater Degree of the 
Heat, than is neceſſary to raiſe Vapour ? chr 

Secondly, Allowing that they may riſe of a Vel 
from the Surface of the Water, and float in the 
the circumambient Air, as being lighter than Ref 
it, why do not their repulſive Forces, as Þ © _ 
they riſe up into the Air, and the fuperincum- * 
bent Preſfure becomes leſs, drive them to N b a) 
greater Diſtances from each other, and fo cauſe I . AP 
them to continue lighter than the Air about | | = 
them at all Heights ? i * 72 

Wiraly, If the Preſſure of the Air about om 
them, when near the Surface of the Earth, 1 f 3 
not ſufficient to bring them into ſo cloſe Con- | 
tact, as to form Drops of Water there, what I 
Force will they find ſufficient for it, when they Þ 2 Wy 
are carried aloft into a Region of Air, where 3 
the Preſſure is not near ſo great? The Doctor 4 N 
hints, that they are formed into Rain, © when Fang 


« by the great Diminution of the ſpecific Gra- 
yt) 


1 


4 
Pn 


4 


# 
. 3 o 
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„ vity of the Air about a Cloud, it has a 
„ great Way to fall, in which Caſe, he ſays, 
ee the Reſiſtance of the Air, which increaſes 
as the Square of the Velocity of the de- 
s ſcending Cloud, cauſes the floating Particles 
% of Water to come within the Power of each 
e other's Attraction, and form ſuch big Drops 
2 « as, being ſpecifically heavier than any Air, 
„ muſt fall in Rain.“ But as the inferior Air, 
from the Cloud to a conſiderable Depth below 
it, cannot be ſuppoſed to leave it all at once, 
the Vapours mult neceſſarily fall all the Way 
3 lee 


a reſiſting Medium; 1o that the little 


| Velocity the Cloud can acquire, while it is in 


the Form of Vapour, will never produce a 


Reſiſtance from the Air greater than the Preſ- 
ſure which the Vapours ſuſtained below 
Lajily, The Experiment, brought to make 


Way for this Hypotheſis, ſhows clearly, that 


: 


. 
* 

7 
1 


Vapour formed without the Reſiſtance of Air, 
is immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool: Which is widely 
different from what happens to Vapours buoyed 
up into the colder A f of the Air, and 


floating there, till they fall in Rain. 
Theſe are all, or the principal Hypotheſes, 


that have been framed for the Solution of this 
common Phenomenon: Which as they ſeem 
madequate to the Effects produced, and there- 


: fore unſatisfactory, I thought it not amiſs to 


ſug- 


them is carried away by contrary Winds bloy. 
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ſuggeſt to the Reader the chief Difficulties, wit, | Q 


which I conceive them to be attended. BU age 
as it is eaſier to pull down, than to build up, ; ma 
to overturn a weak Hypotheſs, than to nic! 
and ſupport a ſtrong and ſufficient one; {, 


muſt own, in this Caſe, I can think of no Way | Iten 
of accounting for the Riſe of Vapours, accord. | Abbes 


ding to the received Vrinciples of Philoſorhy, | ir e 
or ſay wherein their Nature conſiſts. Up 
this Account it is impoſſible I ſhould give a 
Philoſophical Account of their Reſolution in: 
Rain. It muſt ſuffice juſt to mention the Cauſes 
which are obſerved to produce that Change. 
The firſt is, That Part of the Air beneath 


ing from the ſame Place“; for then the Re- 
mainder being too light to buoy them up, the 
upper ones, in all Probability, precipitate down 
upon the lower ones, unite with them, and 


forms Drops of Rain +. Another is, great 


Quan- 


* Perhaps it may be thought, that when the Air, which 
impends over any Place, is carried away from thence by cor: 
trary Winds, the Vapours which float in it ſhould be carries 
away too; and ſo the few that remain ſhould be eaſily ip 
ported ; or, if they fall, ſhould not produce much Rn. 

Now, in Anſwer to this, it muſt be conſidered, that as the 
inferior Air is carried away from any Place by contrary Winds, tte 
Height of the Atmoſphere is diminiſhed thereby; wherelore. 11 
all Probability, the ſuperior Air ruſhes in by a contrary Curr 
to fill up the Vacuity at the Top, which bringing in its Content 
of Vapour affords a continual Supply for the Rain that falls : 

+ A remarkable Inſtance we have of this, in that Part af : 
Atlantic Ocean, which the Sailors call the Rains, (fee Diſſert. ] 
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$ Quantities of them, being driven by the Winds 
$ againſt the Sides of Mountains, are thereby 
made to coaleſce, and fo conſtitute Rain“. 


It 


from the frequent Rains that fall there: the Occaſion of which ie, 
that the Aumviphere is diminiſhed by continual contrary Winds 


lowing from thence, ſo that it is not able to 


i= * 
= 1: 


ſuſtain the Vaporr 
receives. | 
* Upon this depends the Difference of the Seaſons of the Year 


at Malabar and Coromandel in the Eaft-Indies, and at Jamaica 
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in the Welt, 
Change of Weather, Philoſophical 1 ranſattions, N. 17. 


See Dr. Gordon's Diſcourſe on the Cauſes of the 


The Rivers of Indus and Ganges, ſays he, wheie they enter the 
Ocean, contain between them a large Chrr/oneurs, which is di- 
vided in the Middle by a Ridge of Hills, which they call the 
Gate, which run along from Eaſt to Weſt, and quite through to 
Cape Comcri. On the one Side is Malabar, and on the other Co- 
romandel. On the Malabar Side, between that Ridge of Moun- 
tains and the Sea, it is after their Appellation Summer from Sep- 
tember till April; in which Time it is always a clear Sly, with- 
out once, or very lictle Raining. On the other Side the Hills, on 
the Coalt of Coromandel, it is at the fame Time their Winter, 
every Day and Night yielding Abundance of Rain, and from 
April to September it is, on the Malabar Side their Winter, and 
on the other Side their Summer : So that in little more than twen- 
ty Leagues Journey in ſome Places, as where they croſs the Hills 
to St. Thomas, on the one Side of the Hill you aſcend with a 
fair Summer; on the other you deſcend with a ſtormy Winter. 
The like is ſaid to be at Cape Raxalgate in Arabia. And Dr. 
Tropham relates the ſame of Jamaica, intimating that there is 
a Ridge of Hills which runs from Eaſt to Weſt; through the 
midſt of the Iſland, and that the Plantations on the South Side 
of the Hills have, from November to April, a continual Sum- 
mer, whilſt thoſe on the North Side have as conflant a 
Winter, and the contrary from April to November. 

From theſe and ſuch like Accounts it ſeems evident, that a 
bare leſſening of the Atmoſphere's Gravity will not occaſion 
Rain, but that there is allo needful either a ſudden Change of 
Winds, or a Ridge of Hills to meet the Current of the Air and 
Vapours, whereby the Particles of the Vapours are driven toge- 
ther, and fo fall down in Drops of Rain. And hence it is, 
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It is generally thought, That if the Vapour 
in their Deſcent paſs through a Region of Ai: 
ſufficiently cold, they are there Thorn into 


Icicles 


that whilſt the Wind blows from the North; eaſt, vi. from \;. 
% wember to April (ſee the Account of the Monſoons in the fore. 
going Diſſertation) ** there are continual Rains in the northerly 
** Plantations of Jamaica, and on the Side of Coromandel in | 
„the Eaft-Indies, becauſe the Winds beat againſt that Side of | 
« the Hills; and ſo there is fair Weather on the other Side of | 
„ theſe Hills, in Malabar and in the ſouthern Plantations of J. 
maica, there being no Winds to drive the-Vapours together, 
But in the ſoutherly Monſoons, viz. from April to Novenber, 
Malabar and the ſoutherly Plantations of Famaica have Flood; 
of Rain, the Wind beating againſt that Side of the Hills, whit 
* in Coromandel, and the other Side of Jamaica, there is fair | 
and clear Weather. 
This ſerves alſo to clear the Singularity of Seaſons in Peru, be. 
vyond any other Parts of the Earth, and ſeems to beaſſigned by 4; f 
fa as the Cauſe of it. Peru runs along from the Line Southwarts | , the 
about a thouſand Leagues. It is ſaid to be divided into three Par, | 


long and narrow, which they call Zanos, Sierras, and Arde;; de , bd 
Lanos, or Plains, run along the South-Sea Coaſt ; the Sierra; are | * co 
* all Hills with ſome Vallies; and the Andes ſteep and cragg) Mou « for 
*« tains. The Lanos have ſome ten Leagues in Breadth, in fone | poi 
«« Partslefs, and in ſome more; the Sierras contain ſome twenty þ* = 
40 


Leagues in Breadth, the Andes as much, ſometimes more, ſome 
times leſs ; they run in Length from North to South, and n 
« Breadth from Eaſt to Weſt. This Part of the World is ſaid 
have theſe remarkable Things: 1. All along the Coaſt, in ti: 
Lanes, it blows continually with one only Wind, which is Sew 
and South · weſt, contrary to that which uſually blows under ti: 

torrid Zone. 2. It never rains, thunders, ſnows, or hails © 
all this Coaſt, or Lanos, though there falls ſometimes 2 {mal 
Dew. z. Upon the Andes it rains almoſt continually, thocg 
it be ſometimes more clear than other. 4. In the Si, 
« which lie between both Extreams, it rains from Septenber ! 
April, but in the other Seaſons it is more clear, which 1s whe! 
„the Sun is fartheſt off, and the contrary when it is near” 
No the Reaſon of all ſeems to be this; The eaſtern Bret 
« which blow conſtantly under the Line, being ſtopp d in th 


% (Cour 
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I. 1 
Icicles, and from Snow. But this Opinion ſeems 
1 to be falſe; becauſe it frequently ſnows when 
g the Barometer is high, at which Time the Va- 

pours cannot begin to fall. It is therefore more 
© probable, that they are firſt frozen into Icicles, 
and by that means ſhooting forth into ſeveral 
fore. | Points every Way from the Center (agreeably 
ty to the Nature of Freezing) loſe their Form; 
i. + and fo becoming ſpecifically heavier than Air 
de fall down, and in their Paſſage, ſeveral being 
'J* | congealed together, form Fleeces of Snow“. 

, 4 TR 7 

nr, | Fail is evidently no other, than Drops of 
"os | Rain congealed into Ice. This happens, when 
fil in their Paſſage through the inferior Air, they 
, be. Courſe by the Sierras and Andes, and yet the ſame Breezes be- 
/A. % ing to be found in the South Sea beyond Peru, as appears by 
wards „„ the eaſy Voyages from Peru to the Philippines, a Current of 
e Parts, „% Wind blows from the South on the Plains of Peru, to ſupply 
ſes; the | the eaſtern Breeze on the South-Seas, and there being but one 
ra; g conſtant Gale on theſe Plains, and no contrary Winds or Hills 
{Moat „ for it to beat upon, this ſeems to be the Reaſon why the Va- 
in ome © “ pours are never or very ſeldom driven into Rain. And the 
wenn , - Andes being as high perhaps in many Places as the Vapours 
, fome- * aſcend in the higheſt Degree of the Atmoſphere's Gravity, this 
and it * may probably be the Reaſon, why the eaſtern Breeze, beating 
s ſaid WF conſtantly againſt theſe Hills, occaſions Rain upon them at all 
t, 10 tht 1 Seaſons of the Year. And the Sierras being it ſeems lower 
is Scud than the Andes, therefore from September to April, when the 
nder le Sun is neareſt, and ſo the Atmoſphere's Gravity leſs, and che 
hails F \ pours lower, they are driven againſt the Sierras into Rain. 

; a {ma The like is to be ſaid of other Countries. They are all, cæteri, 
 thoup? aribus, more or leſs rainy, as they are more or leſs mountainous. 
Sierra Egypt, which is quite without Mountains, has ſeldom or never 
ember u y Rain; but is plentifully watered by the Nile, which yearly 
ri wel þ ies above its Banks, and overflows the whole Country. 
s neare! * See a Diſcourſe on the Nature of Snow, Philoſophical Tran- 
1 Brews tions No. 92. 
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meet with nitrous Particles, which are know; 
to contribute greatly to Freezing. Their May. 
nitude 1s owing to a freſh Acceſſion of Matter 
as they paſs along. Hence we ſee the Reaſon 


why Hail is fo frequent in Summer, becauſe at 


that Time greater Quantities of Nitre are ex- 
haled from the Earth, and float up and down 
in the Air. ny 

If the Vapours, after they are exhaled from 
off the Waters, do not rife very high in the 
Atmoſphere, but hover near the Surface of the 
Earth, they then conſtitute what we call ; 
Fog. And, if they aſcend higher, they ſtil 
appear in the fame Form to thoſe, who, being 
upon the Tops or Sides of Mountains, are at 
an equal Height with them ; though to thoſe, 
who are below, they appear as Clouds. 
Tf they fall to the Earth, without uniting 
into Drops large enough to be called Rain, 
they are then ſaid to fall in Dew. 


See farther on this Subject, Derham's Pal, 
Theolog. Book I. Chap. 3, and Book Il, 
Chap 5. Spectacle de la Nature, Dialog 21, 
and 23. Meuwentyt Contempl. 19. Clare; 
Motion of Fluids. Regnault, Vol. III. Con- 
verſat. 7. Mufſchenbroek Epitom. Phyſ. M- 
themat. Par. II. Cap. 24. Melchior Ver 
dries Phyſic. Pars ſpecial, Cap. V. 9. 8 
And the Authors referred to in Mr. Fobn/ors 
Queſtiones Philoſoph. Cap. IV. Queſt. 5 1 


D. 
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DISSERTATION VII. 


Of the Cauſes of Thunder and Light- 
* ring, and of the Aurora Borealis. 


2 HOSE Philoſophers, who maintain that 
þ Vapours are buoyed up into the Air, by 
particles of Fire adhering to them (as ex- 
plained in the foregoing Diſſertation) account 
for the Phanomena of Thunder and Lightning, 
in the following Manner. They ſuppoſe, that 
from the Particles of Sulphur, Nitre, and other 
* combuſtible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
of the Atmoſphere, together with the aſcend- 
ing Vapours, is formed an inflammable Sub- 
ſtance; which, when a ſufficient Quantity of 
fiery Particles is ſeparated from the Vapour by 
the Colliſion of two Clouds, or otherwiſe, 
takes Fire, and ſhoots out into a Train of 
Light, greater or leſs, according to the Strength 

and Quantity of he Materials. 
This Opinion is falſe for the Reaſons menti- 


„oned in the foregoing Diſſertation, which plain- 


Ih ſhow, that it is impoſſible the Vapours 


. WE ſhould be attended with fuch fiery Particles, 


Jas is here ſuppoſed, 


Neither 
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Neither have we Occaſion to fly to ſuch an 
Hypothefis ; for, as Vapours exhaled from the 
Surface of the Water are carried up into the 
Atmoſphere: in like Manner, the Effluvia 
of ſolid Bodies are continually aſcending thi. 


ther: Now we find by Experiment, that ther 


are ſeveral inflammable Bodies, which, bein 
mixed together in due Proportion, will kind|: 
into Flame by Fermentation alone,“ without 


the Help of any fiery Particles +. When there. 


fore 


See the Theory of Fermentation explained in the followins 
Diſſertation. a ; 

+ Monſicur Lemery having covered up in the Earth about ff; 
pounds of a Mixture compoſed of equal Parts of Sulphur, and Fi. 
lings of Iron tempered with Water; after eight or nine Hou; 
Time, the Earth, where it was laid, vomited up Flames, Hit 
de PAcad. 1700, p. 574. 

From this Experiment we ſee the true Cauſe of the Fire « 
Etna and Yeſuwits, and other burning Mountains. They pr 
bablv are Mountains of Sulphur, and ſome other Matter propert! 
ferment with it, and take Fire. From like Cauies proceeds ii: 
Heat of Bath-waters, and other hot Springs. 

Mix a ſmall Quantity of Gun-Powder with Oyl of Cloves, per 
gently upon this Mixture, two or three times as much Spirit © 
Nitre, and you will obſerve a bright Inflammation ſuddenly arg 
from it. A Mixture of the two Fluids alone will take Fire; i 
Powder is added only to augment the Inflammation. | 

Take two Pounds of Nitre, or refined Salt Petre well dried u. 
reduced to the fineſt Powder, with a Pound of Oyl of comme 
Vitriol: From this Mixture may be drawn by Diſtillation ap!" 
of Nitre capable of inflaming Oyl of Turpentine. Mem. © 
PAcad. 1726, p. 97, Cc. Put into a Glaſs an Ounce of t. 
Spirit of Nitre, with an Ounce of Oyl of Vitriol ; pour upon !'® 
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equal Quantity of Oyl of Turpentine, and a very fine Fame 


ariſe ſuddenly with a great Exploſion, When the Liquor: © 
freſh the Effect is much greater. If we mix a Dram of the yr 
of Nitre and three of Oyl of Turpentine, with only one of ie 
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( 4 * Lightning, and allo of Earthquakes, is the Ef/uvia of the 


VDifſſ. VII. and Lightning, &c. 


fore there happens to be a proper Mixture of 
che Effuvia of ſuch Bodies floating in the Air, 
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hey ferment, kindle, and flaſhing like Gun- 
powder, occaſion thoſe Exploſions, and Streams 
Pf Fire, which we call Thunder and Light- 
ing. 

ki to the particular Species of Efluvia, 
Ehich compoſe this Mixture, that cannot ex- 
&&aly be determined; they are thought to be 
Thicfly ſulphureous and nitrous : /u/phureous, 


Pecauſe of the ſulphureous Smell which Light- 


Ping generally leaves behind it, and of that 
Jultry Heat in the Air which is commonly the 
Fore- runner of it: zitrous, becauſe we don't 
10Ww of any Body ſo liable to a ſudden and 
iolent Exploſion, as Nitre is *. 


The 


Vitriol, the Mixture will take Fire immediately. If the ſame 
Wxperiment be made with the Balm of Mecca, a ſudden Flame will 
ie, with a Noiſe like that of the Report of a Gun. 

here are two celebrated Experiments of this Kind, though they 
not come up exactly to the preſent Purpoſe, becauſe they will 
Wt ſucceed, unleſs the Ingredients be firſt heated, the one of Au- 
Sm //minans, and the other of Pulvis fulminans. The firſt is 
Mixture of Salt of Tartar, and Gold diſſolved by Anna Regie. 


1 $ {mall Quantity of this, if put into a Braſs Spoon, and heated 


th the Flame of a Candle, cauſes a ſudden Noiſe reſembling that 
Thunder; and goes off with great Violence. The other is a 
Wxture of three Parts of Nitre, two of Salt of Tartar, and one of 
WW pur. This Mixture when ſet upon the Fire, and warmed to 


ertain Degree, is diſſipated all on a ſudden with great Thun- 
Ing, like the Aurum fulminan 


Ls 
+. 


ee an Account of Exhalations taking Fire of their own Accord 


Cole-Pits. Powwer*s Experimental Philoſoph 
. Po Jo phy, p. 62. and 181. 
Dr. Lifter is of Opinion, That the Matter boch of Thunder 


Pyritesy 
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The Effects of Thunder and Lightning art 


owing to the ſudden and violent Agitation the 
Air 1s put into thereby, together with the Force 
of the Exploſion *; and net to Thunderbolte 


falling from the Clouds; as ſuppoſed by the 
Vulgar . 


Pyrites; as he does, that the Matter of Valcauc's is the Pyrites it 
ſelf. This is a Mineral that emits copious Exhalations, and js e, 
cee-ingly apt to take Fire upon the Admiſſion of Xloiltu:e, Sce 
the Doctor's Defence of his Notion in the Philoſophical Tranſ;. 
ons, No 157. He thinks this may be the Reaſon why Fg 
is ſo little troubled with Earthquakes, and Tah, and almost al! Pin. 
ces round the Mediterranean Sea, fo very much, vx. becaule he 
Pyrites are rarely found in Erg/and ; and where they ate, the- 
lie very thin, in Compariſon of what they do in thoſe Countries; 
as the vaſt Quantity of Su!phur, emitted from the burning \toun- 
tains there, ſeems to ſhew. 

* Lightning is ſaid to have diſſolved Silver, without burning 
the Purte it was in; and to have melted the Sword, without 
touching the Scabbard, and the like. The Occaſion of thi: may 
poiſibly de, that the Matter of the Exhalation may be ſo fe 
and penetrating, that, as we ſee it happens with Aqua F,:!i;, or 
volatile Salts, it may paſs through ſoft Bodies without alterirg 
their Texture, while it ſpends its whole Force on hard ones, in 
which it finds the greater Reſiſtance. 

+ Some are inclined to think, that Thunderbolts are artifcia], 
and that they were applied by the Ancients to ſome Ule. Via: 
confirms them in their Opinion, is, that they are found more tic- 
quently where Sepulchres have been, than in other Places. And, 
as it was the Cuſtom of the Ancients to have their Arms bu- 
Tied with their Aſhes, they think they might be of {ome Le 
in War. Some are of Opinion, they were uled in Sacrincs. 
See Melchior Verdrie's Phyſic. Pars ſpecial. Cap. V. $. 9. . 
delius Exercit. Med. Philul. Cont. II. Dec. I. p. 103. Sch. 
tius Profeſſ. Marpurg. Diſſertat. de Urnis Sepulchralibus, & Alt. 
mis Lapideis, A. 1714. Herman Nunningius Sepulchie:. Well. 
rob Mimigard. Gentil. p. 44. Je. Henr. Cobarſen Olly, 

iſtor. Phyſic. p 44. 
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The Diſtance the Thunder is from us, may 


nearly be eſtimated by the Interval of Time 
= between our ſeeing the Lightning, and hearing 
Its the Thunder. For, as the Motion of Light is 
* * & very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 
5 * tible; and as that of Sound is about a thou- 
© | # ſind Feet in a Second; allowing a thouſand 
See # Feet for every Second, that paſſes between our 
* ſceing the one, and hearing the other; we 
Pla have the Diſtance of the Cloud, pretty nearly, 
Fre from whence the Thunder comes. — 
ies; Me ſometimes fee Flaſhes of Lightning, 
Cunt though the Sky be clear and free from Clouds; 
* in this Caſe they proceed from Clouds, that 
hou! lie immediately below our Horizon. 
may | d - 
, | 8 Of Affinity with the Phenomena of Light- 
ning are thoſe of the Aurora Borealis, or Nor- 
thern Lights, which, of late Years, have very 


frequently appeared in our Climate . Theſe 
Lights differ ſo much from each other, that to 
give a Deſcription of one alone, would not be 


& * P->enomena of this Kind are reported to have been very fre- 
quent in Groenland, Iceland, and Norway, Countries near the 
Pole. The only ones, that are upon Record, as having appeared 
in Eng/and, before that of March the 6th, 1745, are thoſe of Ja- 
lian tue 30th, 1560, October the 7ih, 1564. November 14th and 
ch, 1574, and a ſmall one ſeen near London on the gth of 
Aut, 1708. On November the 16th, 1707, a mall one appeared 
n /re/and. Since that of March the 6th, 1744, they have been, 
and ſtill continue very common. 


U fuff ci 
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ſufficient to acquaint the Reader with all de 
Circumſtances wherewith they are attended. 
I ſhall therefore collect together ſuch Phy. 
mena, as have been moſt generally obſerved 
and reduce them to the ten following Propofi 
tions, adding in the Notes, by Way of Sheci. 
men, a full Account of that moſt remarkable 
Aurora, which was ſeen March the 6th 15: 
as it was laid before the Royal Society by D. 
Halley, at their Requeſt “. 


The 


* « On Tuęſaay the 6th of March, in the Year 1716 (the A. 
„ ternoon having been very ſerene and calm, and ſomewha 
«« warmer than ordinary) about the Time it began to grow dark 
„(much about ſeven of the Clock) not only in London, but in 
« all Parts of Eng/aud, where the Beginning of this wonderfu 
„Sight was ſeen; out of what ſeemed a duſky Cloud, in the 
++ North-caſlt Parts of the Horizon, and ſcarce ten Degrees hig. 


the Edges whereof were tinged with a reddiſh Yellow, like «i; Þ 
the Moon had been hid behind it, there aroſe very long lumi. F 


« nous Rays, or Streaks perpendicular to the Horizon, tome cf 


« which ſcemed nearly to aſcend to the Zenith. Preſently after, F 


«© that reddiſh Cloud was ſwiftly propagated along the norben 
« Horizon into the North-weſt, and ſtill farther weſterly; 20 
4 immediately ſent forth its Rays from all Parts, now here, ro 
«© there, they obſerving no Rule or Order in their rifing ay 


« of thoſe Rays, ſeeming to concur near the Zenith, formed en 


& a Corona, or Image, which drew the Attention of all Specs. 
«© tors. Some likened it to that Repreſentation of Glory, ber 
% with our Painters in Churches ſurround the Holy Name of Ge. 
« Others to thoſe radiating Stars, wherewith the Breals © 
© Knights of the Order of the Garter are adorned. Many ct 
„ pared it to the Concave of the great Cupola of dt. Pail 
« Church, diſtinguiſhed with Streaks alternately light and dt 
« ſcure, and having in the Middle a Space leſs bright than: 
« reſt, reſembling the Lanthorn. Whilſt others, to expreß ace. 
« the Motion as Figure thereof, would have it to be {xe 


Flame in an Oven, reverberated and rolling againſt wo 


tIl, 


the 
ded. 
T5. 
ved, 
poſi- 
peci- 
cable 


15 
17765 


Dr. 
The 


the A. 
mewhat 
W dark 
„but in 
Inderfu! 
in the 
es higb. 


ike 2: l 


8 lumi- | 


ſome ci 


ly zer, 


norbert 
ly * 206 


ETC, £08 


J M 
ned tere 


| Spe 
£ Waert 
> of Got. 
realls d 
any CO: 
t. Paul! 

and 0 
than de 
ol 25 we. 
like be 
he Ache 
a N 


g Diſſ. VII. Of che Aurora Borealis. 149 


The moſt general Phanomena of an Aurora 


Borealis are theſe that follow. 


1. In the northern Parts of the Hoi gon, 
chere is commonly the Appearance of a very 


black 


Roof thereof: Some thought it liker to that tremulous Light, 
which is caſt againſt the e Oo the Beams of the Sun, re- 
Z*- fleted from the Surface of the Water in a Baſon, that's a little 
„ ſhaken. But all agree, that this Spectrum laſted only a tew 
Minutes. and exhibited itſelf variouſly tinged with Colours, Vel- 
„low, Red, and a dusky Green: Nor did it keep in in the ſame 
Place; for when firit it began, it appeared a little to the 


Northwards of the Zexitb, but by Degrees declining towards 


„the South, the long Srriæ of Light, which aroſe from all Parts 
of the northern Semicircle of the Horizon, ſeemed to meet to- 
WW gether, not much above the Head of Caſtor, or the northern 
W- 7, and there ſoon diiippeared. 

= < After the firſt Impetus of the aſcending Vapour was over, the 
Corona appeared no more; but ſtill, without any Order, as to 
Time or Place, or Size, luminous Radii, like the former, con- 


domer; now here, now there; now larger, now ſhorter. 
Nor did they proceed as at firſt, out of a Cloud, but oftener 
= would emerge at once out of the pure Sky, which was more 
chan ordinary ſerene and ſtill, Nor were they all of the ſame 
WW lorm. Moſt of them ſeemed to end in a Point upwards, like 


£ 

| i 
unued to ariſe perpendicularly, now oftener, and again ſel- 

$ 

c 


erect Cones ; others like truncate Cones, or Cylinders, ſo much 


relembling the long Tails of Comets, that at firſt Sight, they 
might well be taken for ſuch, Some of thoſe Rays would con- 
tinue viſible for ſeveral Minutes ; when others, and thoſe the 
much greater Part, juſt ſhewed themſelves, and died away. 
Some ſcemed to have little Motion, and to ſtand, as it were, 
fixed among the Stars, whilſt others, with a very perceptible 
Tranſlation, moved from Eaſt to Welt under the Pole, contrary 
to the Motion of the Heavens; by which Means they would 
2 ſeem to run together, and at other Times to fly one 
another. 
After this Sight had continued about an Hour and a half, 
thoſe Beams began to riſe much ſewer in Number, and not near 


7 lo high ; and by Degrees, that diffaſed Light, which had iliuf- 


2 4 trated 
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black Cloud; but it is evident that it iq 
real Cloud, becauſe the ſmalleſt Stars are . 
fible through it. This apparent Cloud is e. 
tended ſometimes farther towards the Wet 


than 


trated the northern Parts of the Hemiſphere. ſeemed to {60% 
and ſeatli g on the Horizon, formed the Reſembiance of a ver. 
br ght Crepu/culum. I hat this was the State of this Ph. 
in the firit Hours, is abundantly confirmed by the unanim-s; 
Conſent of {everal. For, by the Letters we have received trom 
almoſt all the extreme Parts of the Kingdom, there is fourd ve; 
ite Difference from what appeared at London and Of; ur. 
lets that in the North of England, and in Scotland, the Ligt: 
ſeemed ſomewhat ſtronger and brighter. : 

„ Hitherto J have related the Obiervations of others; 2: 6 
my ſelt, I had no Notice of this Matter, till about nine of the 
Cleck : I immediately perceived toward the South and Soth. 
weſt Quarter, that though the Sky was clear, yet it was ting 
with a itrange Sort of Light; fo that the ſmaller Stars vere 
ſcarce to be ſeen, and much as it is when the Moon of four 
Days old appears after Twilight. I perceived at the {ame Time 
a very thin Vapour to paſs before us, which aroſe from the pre- 


ciſe Eaſt Part of the Horizon, aſcending obliquely, ſo as 0 


leave the Zuuith about fifteen or twenty Degrees to the Neri. 
ward. But the Swif neis, wherewith it proceeded, was {carce to 
be believed, ſeeming not inferior to that of Lightning ; and 
exhibiting, as it paſſed on, a Sort of momentaneous NG 


which diicover'd itſelf by a very diluted and feint Whitene's; þ 


and was no iooner formed, but before the Eye could well take 
it, it was gone, and leſt no Signs behind it. Nor was this a 
ſingie Appearance; but for ſeveral Minutes, about fix or feen 


Times in a Minute, the ſame was again and again repeated; 


theſe Waves of Vapour regulariy ſucceeding one another, and 
at Intervals very nearly equal; all of them in their Aſcent pro 
ducing a like tranſient N#becula. | 


«© By this Particular we were firſt aſſured ; that the Vapour ve 


10 
6 
90 
ee 


ſaw, became conſpicuous by its own proper Light, without tht 
Help of the Sun's Beams; for theſe Nubeculæ did not diicove 
themſelves in any other Part of their Paſſage, but only betwec 
the South-eaſt and South, where being oppoſite to ihe 7. 
A . . « thef 
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than to the Eaſt; ſometimes farther towards 
the Eaſt, then to the Welt ; and generally takes 
up a Quarter of the Horizon, more or leſs. 


2. 'The 


they were deepeſt immerſed in the Cone of the Eart'''s Shadow; 
nor were they viſible before or after. V hereas the contra: 
mult have happened, had they bort owed their Light from the 
Sun. | 
« On the weſtern Side of the northern TTorizon, i, between 
Weſt and North- welt, not much paſt ten of the Clock, 1 
ſerved the Repreſentation of a very bright | wilight, contiguuu 3 
to the Horizon, out of which arole very ong Beams of Iight, 
not exactly erect towards the Je tex, but ſomething dec! n 
towards the South; which, alcenuing by a quick and und 8 
Motion to a conſiderable Height, vaniſh-d in litt imme; 
whilſt others, though at uncertain Intervals, ijvpplied their 
Place. But at che tame lime, throvgh all the reft of he nor- 
thern Horizon, ue. from the INorth-welt to the due Loft, 
there did not appear any Sign of J igiit to ariſe nem, or join 
to, the Horizon; but what appeared to be an exce ding back 
and diſm+:l Cloud, ſcemed to hang over all tha: Part of it. Vet 
was it no Cloud, but on'y the ſerene Sky, more thin ordinary 
pure and limpid, fo that the bright Stars ſhone clearly in it, 
and particularly Canuda Cygn, tion very low in the North; 
the great Blackneſs manifeſtly procceding from the Neiglibour- 
hood of the Light, which was collected above it. For the 
Light had now put on a Form quite different from all that we 
have been deſcribing, and had taſhioned itſelf into the Shape of 
two Laminæ, or Streaks, lying in a Poſition parallel to the Hor i- 
on, whoſe Edges were but ill terminated. I hey extended them- 
ſelves from the North by Eaſt to the North- eaſt. and were each 
about a Degree broad; the undermoſt about eight or nine Degrees 
high, and the other about four or five Degrees over it; theſe 
kept their Places for a long Time, and made the Sky fo light, 
that I believe a Man might eaſily have read an ordinary Print 
by the Help thereof. 

** Whilſt I was viewing this ſurprizing Light, and expecting 
what was farther to come, the northern End of the upper La- 
mina by degrees bent downwards, and at length cloſed with 
the End of the other that was under it, ſo as to ſhut up on the 
North Side an intermediate Space, which ſtill continued open 


6. fe 
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2. The upper Edge of this Cloud (which 
is ſometimes within leſs than fix Degrees of 
the Horizon, and ſometimes forty or fifty above 


it) 


* to the Eaſt. Not long after this, in the ſaid included Space, I 
* ſaw a great Number of ſmall Colun us, or whitiſh Streaks, to 
appear ſuddenly cre& to the Horizon, and reaching from the 
* one Lamina to the other; which inſtant ly diſappearing, were 
** too quick for the Eye, ſo that I could no qudge, whether they 
4% aroſe from the under, or fell from the upper; by their ſudden 
«© Alterations, they made ſuch an Appearance, as might well 
enough be taken to reſemble the Conflict of Men in Battle. 

«© And much about the ſame Time, there began on a ſudden to 
© appcar, low under the Pole, and very near due North, three or 
* four lucid Areas, like Clouds, diſcovering themſelves in the 
«© pure but very black Sky, by their yellowiſh Light. Theſe, as 
they broke out at once, ſo after they had continued a few Mi- 
nutes, diſappeared as quick, as if a Curtain had been drawn 
over them: Nor were they of any determined Figure, but 
both in Shape and Size might properly be compared to ſmall 
Clouds illuminated by the full Moon, but brighter. 

«© Not long after this, from above the foreſaid two Lamine, 
* there aroſe a very great Pyramidal Figure, like a Spear, ſharp 
«© at the Top, whoſe Sides were inclined to each other, with an 
Angle of about four or five Degrees, and which ſeemed to reach 
up to the Zenith, or beyond it. This was carried with an 
* equable, and not very ſlow Motion, from the North-eaſt where 
<< jt aroſe, into the North-weſt, where it diſappeared, ſtill keep- 
* ing in a perpendicular Situation, or very near it; and paſing 
& ſucceſſively over all the Stars of the little Bear, did not efface 
« the ſmaller ones in the Tail, which are of the fifth Magni. 
<< tude; ſuch was the extream Rarity, and Perſpicuity of the 
Matter whereof it conſiſted. 

This fingle Beam was very remarkable for its —_ abore 
“all thoſe, that, for a great while before, had preceeded it, or 
ce that followed it. | 

It being now paſt eleven of the Clock, and nothing new of. 
< fering itſelf to our View, but repeated Phaſes of the ſame Spec. 
« tacle; I obſerved, that the two Laminæ, or Streaks, parallel 
© to the Horizor, had now wholly diſappeared ; and the whole 


spectacle reduced itſelf to the Reſemblance of a very 17 4 
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it) is generally terminated with a very lucid 
Arch, from one to four or five Degrees broad, 
whoſe Center is below the Horizon. Some- 


times 


« Crepuſculum ſetting on the Northern Horixon, ſo as to be 
40 brighteſt and higheſt under the Pole itſelf; from whence it 
« ſpread both Ways into the North-eaſt and North-weſt. Un- 
« Cer this, in the Middle thereof, there appeared a very black 
«« Space, as it were the 8 of a leſſer Circle of the Sphere 
« cut off by the Horizon. It ſeemed to the Eye like a dark Cloud, 
* but was not ſo; for by the Teleſcope the ſmall Stars appeared 
%* through it more clearly than uſual, conſidering how low they 
„ were: And upon this as a Baſis, our Lumen Auroriforme reſt- 
« ed, which was no other than a Segment of a Ring, or Zone 
of the Sphere, intercepted between two parallel leſſer Circles, 
„cut off likewiſe by the Horizon ; or the Segment of a very 
broad Vis, but of one uniform Colour, viz. a Flame-Colour 
*« inclining to Yellow, the Center thereof being about forty De- 
«« grees below the Horizon. And above this there were ſeen 
„ tome Rudiments of a much larger Segment, with an Interval 
of dark Sky between, but this was ſo exceeding feint and 
«« uncertain, that I could make no proper Eſtimate thereof. 
* I attended this Phenomenon till near three in the Morning, and 
the Riſing of the Moon: But for above two Hours together it 
had no Manner of Change in its Appearance, nor Diminution, 
nor Increaſe of Light; only ſometimes, for very ſhort Intervals, 
* as if new Fewel had been caſt on a Fire, the Light ſeemed to 
undulate and ſparkle not unlike the riſing of a vaporous Smoak 
out of a great Blaze when agitated, But one Thing I aſſured 
myſelf of, that the Jris-like Figure did by no means owe its 
Origin to the Sun's Beams: For that about three in the Morn- 
ing, the Sun being in the Middle between the North and Eaſt, 
our Aurora had not followed him, but ended in that very Point 
where he then was: Whereas in the true North, which the 
Sun had long paſſed, the Light remained unchanged, and in 
its full Luſtre, 

Appearances of this Kind have been taken Notice of both by 
Pliny, Seneca and Ariſtotle ; the laſt of which calls the vibra- 
ting Light near the Zenith, aan ; the more Ready perpendicular 
Streams, Aoxer; and he A., ora itlelf, from the apparent dark 
Cloud juſt below it, Xa u. That Aurora which was obſerved 


by 
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times there are two.or more of theſe Arches St 
one above another. In ſome, the Cloud is not 0 
terminated by an Arch, but by a long brigh: | pe 
Streak bi 
by Monſieur Gaſſendi in Provence, on the 21ſt of September, in th Y L. 
Year 1621, was very remarkable, at that Time. 26 
He tells us, That about the End of Twilight in the Evening, . | 
when the Sky was very clear, and there was no Moon, there ap. 5 of 
you in the North a Sort of a riſing Morn, which aſcending by = 1; 
egrees, became intermingled with certain Streaks, as it were, 1 tl 
or Rays perpendicular to che Horizon: And that at the ſame ime | m 
there appeared ſome ſmall paſing whitiſh Clouds between be $3 lu 
South and the Place of the Sun's | Broker in Winter; and than | "Wh, 
the Place where the Sun {ets in Summer, a bright Redneſs ſcemed ; 
to ariſe in the Form ot a Pyramid, which moved towards the ſettin? : da 
of the Sun at the Equinox; and which was diſtinguiſhed into the 
three ſeveral Pyramids, which in a little Time were confounded 4 
one with another, and at laſt diſappeared. When this Redres 2 
ceaſed, the northern Whiteneſs Was riſen forty Degrees and more, f ly 
that is, about the Altitude of the Pole - Star, forming itſelf in o en ou 
Arch, and taking up near fixtv Degrees of the Horixon. After tu., 5 
certain Chevron, or Columns of Rays, ſome whiter, and ſome 2 e Ic! 
little darker, began more plainly to be diſtinguiſhed, of abou: If lee 


two [/-2:ces in Breadth, and perpendicularly pofited ; {9 that el 4 
that Part appeared as it were fluted. The whole Circumference p 
immediately appeared ſcalloped ; and then ſome of thoſe Column: 
which were in the Middle, and that were the whiteſt, began as f 
were to leave their Places with great Impetuoſity, and in leſs thn 
a Quarter of a Minute, raiſed themſelves almoſt to the Top, put 
ting on the Form of Pyramids, which they would retain four ot 
five Minutes. It was about nine of the Clock, when the Arch of 
Whitenels began to decreale or fink ; at which Time certain very 
white Streams of Smoke began to iſſue out from the Cojumns 
which were remaining under the Pyramids, and darting upward 
with very great Rapidity through the Pyramids, like Javeir', 
vaniſhed immediately when they came to the Tops of them. 11 
SpeCtacle laſted about an Hour; after which the Whitene!s ſunk 
down to about ſix Degrees of the Horizon. Vide Aris! ® 
Gafjendi, Tom. V. P. 245. 
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Streak of Light, lying parallel to the Hori- 
Lon. The Limb of this luminous Arch, or 
parallel Streak is not always even and regular, 

but ſinks lower in ſome Parts, than in others. 

* 3, Out of this Arch proceed Streams of 
Light, generally perpendicular to the Hori- 
on, but ſometimes a little inclined to it. Moſt 
of them ſeem to end in a Point, like Pyra- 
= mids or Cones; and often very much reſemble 
the Tails of Comets. Sometimes there is no 
luminous Arch, nor Streak of Light; and then 
the Streams ſeem to iſſue out from behind the 
dark Cloud, being diſtinct from each other at 
their Baſes; 
4. The upper Ends of the Streams inceſſant- 
h appear and vaniſh again, as quick as if a 
Curtain were drawn backwards and forwards 
before them; which ſometimes cauſes ſuch a 
ſceming trembling in the Air, that you would 


This Ph2nmenon appeared not only to Gaſſendi in Provence, but 
was ſcen at Places very diſtant from thence, as at Toloſe, Montau- 
Von, Bourdeaux, Grenoble, Dijon, Paris, and Rogr, &c. and at 
zmoſt other Places in France, and the neighbouring Countries, 
What lie to the Northwards of Provence, unleſs where it was inter- 
repted by Clouds; but no where in ſuch as lie at any great Dil- 

Fance to the Southwards of it. 

Monũeur Gai is thought to have given the Name of Aurora 
Poerealis to this Phenomenon; but this is obſerved by Monſieur 
Meran, to be a Mittake, See Mr. Mairau's Payſical and Hiſto- 
ical Treatiſe of the Aurora Borealis, in the Memoires de P Acade- 


= Royale det Sciences, Anne 1731. or an Abſtract of it in Phi- 
opb. Tranſat, No. 431. 


9 X Iimagin? 


— was, t 2 - EF — P — - V * = _ - 


— 
_ 
— 


— 
n 


„ 
— — 


— 
- — — 9 = 
— — — — 
* FP —_— — 


7 — — 

— . 

. 2 3 © 22 

„ — * 
* — — 
— * 


— 
1 Se — — 
* 7 Fa 


? of * — - 
— "ICT 7 ** * ——— 22 4 
„ - 


oy : * — 
— > ow oo 
= — - 
— 9 


156 Of the Aurora Borealis. Part I 


imagine the upper Part of the Heavens to be 
as it were, in Convulſions *. ; 

5. They ſometimes ſeem to meet in the 2 
nith, or more commonly to the Southward af 
it, about ten Degrees, more or leſs (ſometime; 
they deviate a little to the South-eaſt of the 
Meridian, and fometimes to the South-weſt); 
and there curling round, in fome Meaſure, im. 
tate Flame confined under an Arch; and he. 
ing frequently tinged with various Ordets of 
Colours, exhibit a moſt beautiful Appearance, 
reſembling a Canopy finely painted , of about 
ten or twenty Degrees in Breadth. 


In many Aurora's, there are Streams aſcend- | 
ing from thoſe Parts of the Heavens, w ich lie | 
ſeveral Degrees to the Southwards of the Cano- | 


py 3 and in ſome, they ap pear to ariſe, though 


very rarely, almoſt as large, and numerous 


from the ſouthern, as from the northern Yarts 
of the Horizon. 


6. The Height of the Aurora Borealis 1: 


very great; for that of March the ſixth 17;; 
was viſible from the Weſt Side of Ireland, to 
the Confines of Rufia and Poland on the 
Eaft, and perhaps farther ; extending at lealt 
over thirty Degrees of Longitude, and in La- 


* See their Motions well deſcribed in the Account we have cf 
an Aurora in the Fhiloſoph. Iianſact. Ne. 395, Att. 2 

See the various Colours of the Canopy, a+ well as choſe el 
an Aurora it elf, accurately deſcribed by Pi. Greenweod, in H 
joſopl. 1ranſat. NY. 418, Art, 1. 


ticud 


= — —— —— — ——— 


treme to the other. 
often ariſe Streams perpendicular to the Hori- 
Lon, and accompanying them as they paſs 
i * 
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titude from about the fiftieth Degree over al- 


* moſt all the North of Europe, and at all Pla- 
ccͤ ãts, exhibiting, nearly at the ſame Time, the 
*# ſame Appearances. 


7. Theſe Appearances have always been 
very frequent (as far as the Accounts we have 


of them inform us) in Countries that lie in, or 
near the frigid Zone, but very rare in thoſe 


of our Latitude ; they are now become very 


frequent with us, but always ſeem to proceed 
from the North; and are as yet unknown to 
the Inhabitants of the more Fl 

our Hemiſphere. Whether they are ſeen to 
Z thoſe, who inhabit in, or near the other Frigid 


uthern Parts of 


Zone, is to us unknown. | 
8 In ſome, there are Trains of Light run- 


ning horizontally, ſometimes from the Middle 


to the Extremes, and ſometimes from one Ex- 
And from theſe Trains 


9. When all the Streaming is over, the Au- 


i | rora Borealis commonly degenerate nto a 
bright Twilight in the North, and there gra- 
1 dually dies away. 


10. It is probable, that theſe Phænomena 


| \ often happen in cloudy Nights, though we are 
not ſenſible of them; for tis obſervable, that 
in ſuch Nights, there is frequently more Light 
3 X 2 | 
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than what uſually proceeds from the Star 


alone. 


The moſt obvious Solution of the Aua 
Borealis, or at leaſt what would appear 55 
to ſuch as have only attended to the Circum. 
{ſtances of ſome particular ones, and which ha; 
accordingly been affixed by ſeveral * to their 
Accounts of the Aurora's they have ſeen, i: 
that it is a thin Nitro-ſulphureous Vapoy, 
raiſed in our Atmoſphere conſiderably higher 
than the Clouds; hat this Vapour by Fer. 
mentation takes Fire, and the Exploſion «f 
one Portion of it kindling the next, * Flaſhes 
ſucceed one another, till the whole Quan. 
5 of Vapour within their Reach is ſet on 

ire. 


* Profeſſor Cotes, at the End of his Deſcription of a Phe 
non of this Kind, inſerted in the Philoſophical Tranſactious N?. 
365, obſerves, that ſuppoſing a Fund of Vapours or Extalation: 
at a conliderable Height above us to be diffuſed every Way into 
a large and ſpacious Plane, parallel to the Hor zan, that 7 and of 
mixed Matter by Fermentation will emit Streams; and that if 
the Wind be fill, they will aſcend perpendicular y upwards: 
otherwiſe they will be inclined towards that Point of the Hora 
which is oppoſite to that from which the Wind blows; and tixt 
they will appear, by the Rules of Perſpective, in the firit Cac, to 


converge to the Spectator's Zenith, in the other, to ſome Pom 


not tar from it; and that if this Fund of Vapours be ſituates more 
to the North than the South, it will produce Streams of Light: 
tended with ſuch Circumſtances, as then appeared: But he co: 
not ſay, why the Vapours ſhould be ſituated rather to the Not 
than the South, or proceed to account for all the PHH of 
the Aurora Borealis in general from thence, 95 
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* Some have thought, that Vapours rarefied 
| exceedingly by ſubterraneous Fire, and tinged 
with ſulphureous Steams, might from thence 
be diſpoſed to ſhine in the Night, and riſing 
up to the Top of the Atmoſphere, or even be- 
# yond its Limits (as we find the Vapours of 
Gun- powder, when heated in Vacuo, will ſhine 
in the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 
| thoſe Undulations in the Air, which conſtitute 
this Phenomenon. 
hut theſe Hypotheſes have been rejected, as 
inſufficient: it having been thought impoſſible 
to account for all the Circumſtances of the 
= Aurora by them &. | 


, = 


In the Commentaries of the Academy of Sciences at Peters- 
burgh, | find a late Solution of the Aurora Borealis from Exhala- 
tions fermenting and taking Fire in the Atmoſphere, which the 
Author Chr. Maier ſays, occaſion the Appearance of the lucid 
== Arch in the North, and thinks that the Streams, which ſeem to 
iſſue from thence, are no other than the Light of that Arch re- 
flected to us from the under Side of ſome thin Clouds, that lie 
above it. As to its appearing in the North rather than in the 
South, he ſuppoſes that may be owing to the Cold of thoſe Regions 
= condenſing the Exhalations, and thereby rendering them more 
liable to ferment than they are in the ſouthern ; but acknowledges 
ingenuouily, that he has no Reaſon to ſuppoſe this, but its bein 
| neceſſary to his Solution. At the End he tells, That it was 
Kknowyn in ancient Times as well as lately: But omits taking No- 
F tice, that it appears much oftener of late Years in our Climate 
than it u ed to do; and to avoids accounting for that Particular. 


4 Vide Commentar, Academ. Scientiar. Imperial. Pet tan, 
, 7. 5 cientiar. Imperial. Petropolitan 


by 
1 
1 Fe 
. 4 4 
a ds " 
. 
. 
0 
Ll 


160 Of the Aurora Borealis, Part Il. 


Dr. Halley therefore has Recourſe to the nag. 
netic Efluvia of the Earth, which he ſuppoſs 
to perform the ſame Kind of Circulation with 
Regard to it, as the Effuvia of any particular 
Terrella * do with reſpect to that, viz, that 
they enter the Earth near the South Pole, and 
pervading its Pores, paſs out again at the fame 
Diſtance from the northern : And thinks, they 
may ſometimes, by the Concourſe of ſeveri 
Cauſes very rarely coincident, and to us 25 
yet unknown, be capable of producing a ſmal 
Degree of Light, eicher from the greater Den- 
fi) of the Matter, or perhaps from the greater 
Velocity of its Motion; after the fame Man- 
ner, as we ſee the Efluvig of Electric Bodies 
emit Light in the Dark. 

Monfieur de Mairan has given us a Phyſ- 
cal and Hiſtorical Treatiſe of the Aurora Pri 
realis, and endeayours to prove that it is owing 
to the Zodiacal Light, or the Atmoſphere di 
the Sun, ſpread on each Side of it along the 
Zodiac in the form of a Pyramid. This, he 
ſays, is ſometimes extended to ſuch a Length 
as to reach beyond the Orbit of our Earth, and 


then mixing itſelf with our Atmoſphere, an | 
being of an Heterogeneous Nature, produces 


* A round Magnet, fo called ſr m the Reſemblance it bears | 


the Earth. 


the 


N 


| 


# 
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! the ſeveral Appearances, which are obſerved 
in the Aurora Borealis *. 


l have juſt mentioned theſe tvro Solutions, 
E becauſe they come froin two very ib enious 
| Philoſophers ; though I doubt not but the Rea- 
der will agree with me, that they are much 


too fine ſpun to hold, and that they are no 


other than the ingenious Reveries of Perſons 
determined to frame an Hypotheſis at any Rate. 
] queſtion not, but we may find Materials for 
the Aurora Borealis without going ſo far for 
them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recodurſe either to the magnetic Effluvia of 
the Earth, or the Zodiacal Light, the Nature 
Jof both which we are wholly unacquainted 


with. The Materials employed in the firſt So- 


lution (I mean ſuch Euvia as are continually 
WFexhaled from the Surface and Bowels of the 
Earth) if rightly confidered, will afford a very 
eaſy and natural one, as I ſhall endeavour to 
ew in the following Manner. 
Firſt, we are aſſured by Experiment, that 
here ere ſome Steams (as inflammable ſulphu- 
Peous ones) which are capable of ſo great a Degree 
f Expanſion, that they will render themſelves 
Pahter than the Air they float in, though it 
\ L * 5 his Account at large, referred to at the End of Note, 
* 3 | 
wy be 
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Dr. Halley therefore has Recourſe to the mag- 
netic Effuvia of the Earth, which he ſuppoſes 
to perform the ſame Kind of Circulation with 
Regard to it, as the Efluvia of any particular 
Terrella * do with reſpect to that, viz. that 
they enter the Earth near the South Pole, and 
pervading its Pores, paſs out again at the ſame 
Diſtance from the northern : And thinks, they 
may ſometimes, by the Concourſe of ſeveral 
Cauſes very rarely coincideat, and to us as 
yet unknown, be capable of producing a ſmall 
Degree of Light, eicher from the greater Den- 
fi) of the Matter, or perhaps from the greater 
Velocity of its Motion; after the ſame Man- 
ner, as we ſee the Efluvia of Electric Bodies 
emit Light in the Dark. 

Monſieur de Mairan has given us a Phyſi- 
cal and Hiſtorical Treatiſe of the Aurora Ho- 
realis, and endeayours to prove that it is owing 
to the Zodiacal Light, or the Atmoſphere of 
the Sun, ſpread on each Side of it along the 
Zodiac in the form of a Pyramid. This, he 


ſays, is ſometimes extended to ſuch a Length 


as to reach beyond the Orbit of our Earth, and 
then mixing itſelf with our Atmoſphere, and 
being of an Heterogeneous Nature, produces 


* A round Magnet, fo called ſr m the Reſemblance it bears to 
the Earth, : | 


the 
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the ſeveral Appearances, which are obſerved 
in the Aurora Borealis X. 


I have juſt mentioned theſe two Solntions, 
becauſe they come froin two very in genious 
Fhilofophers ; though I doubt not but the Rea- 
der will agree with me, that they are much 
too fine ſpun to hold, and that they are no 
other than the ingenious Reveries of Perſons 
determined to frame an Hypotheſis at any Rate. 
I queſtion not, but we may find Materials for 
the Aurora Borealis without going fo far for 
them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Effluvia of 
the Earth, or the Zodiacal Light, the Nature 
of both which we are wholly unacquainted 
with, The Materials employed in the firſt So- 
lution (I mean ſuch Efiuvie as are continually 
exhaled from the Surface and Bowels of the 
Earth) if rightly conſidered, will afford a very 
ealy and natural one, as I ſhal! endeavour to 
ſhew in the following Manner. 

Firſt, we are aſſured by Experiment, that 
there are ſome Steams (as inflammable ſulphu- 
reous ones) which are capable of ſo great a Degree 
of Expantion, that they will render themſelves 
tighter than the Air they float in, though it 


* See his Account at large, referred to at the End of Note, 
Page 155. _ 
be 
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be as rare, as it can be made by Art; for they 
will riſe to the Top of the Receiver, when 
exhauſted * that is when as much Air, as is 
oſſible, is drawn out +: Such Steams there- 
Fee or Exhalations, riſing out of the Earth 
from Mines, Vulcano's, &c. muſt neceſſarily be 
buoyed up towards the Top of the Atmoſphere, 
at leaſt, till they come to a Region; where the 
Air is as rare and expanded, as it can be made 
by the Air Pump, here below. This Height 
according to Dr. Halley's Computation 5, 
(which he found upon the Degree of the Air's 
Elaſticity) is about forty or fifty Miles: but pro- 
bably it is much greater; for the Air, which 
is higher than Vapours and other Heteroge- 
neous Matter that is not elaſtic, riſe to, being 
much purer than any we can make Experi- 
ments upon, may be indued with a much great- 
er Degree of Elaſticity, and ſo the Atmoſphere 
may be conſiderably higher, than what he 
upon that Principle, computes it to be. 
Secondly, Theſe Efiuvia being raiſed to 
the Top of the Atmotphere, or near it, and 
floating there, will neceſſarily be carried to- 
wards the poplar Parts thereof, for the follow- 


ing Reaſons. 1. Becauſe the ſuperior Current 


* See Philoſoph. Tranſat. No. 347 and 360. 

+ [It 15 impoſſible to extract all the Air out of a Veſſel, becauſe 
it is by the Spring of the Air remaining in the Veſſel, that tne 
Valves of the Pump are opened at each Stroke, 

$ Piuluſoph. Tranſat, Ne. 181, 


of 
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of the Air, to a great Diſtance from the Equa- 
for, is that Way *, 2. We know from Ex- 
periment, that whatever ſwims upon a Fluid 
which revolves about an Ax7s, is thereby car- 
ried towards that Axis. This is exactly the 
Caſe of theſe Efiuvia, for they ſwim near the 
Top of the Atmoſphere which continually re- 
volves about the Axis of the Earth; they muſt 
therefore neceſſarily be carried towards the po- 
lar Parts thereof. | 

Thirdly, Theſe Efluvia being collected 
together at, or near the Poles; and of an in- 
flammable Nature, may eaſily be ſuppoſed to 
ferment, when they meet with other heteroge- 
neous ones proper to produce ſuch an Effect, 
and emit Streams of Fire; which Streams will 
naturally riſe up into ſuch Parts of the Atmoſ- 
phere as are {till lighter than that wherein the 
Effjuvia reſt, that is, directly upwards from 
the Center of the Earth. But, according to 
the Rules of Perſpective, thoſe Streams, though 
they really diverge, as Radii from a Center, 
will appear to a Spectator on the Surface of 
the Earth to converge towards a Point : Which 
Point will ſeem to be directly over his Head, if 
the Streams aſcend in right Lines from the Cen- 
ter of the Earth: but if they deviate all one 
Way from that Direction, the Point will be on 


* As exp'ained in Diſſertation V. 


V that 
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that Side the Zenith towards which they in- 
cline . 

To illuſtrate this; ſuppoſe ſeveral Strings 
hung down from the Ceiimg of a Room, and 
a Candle placed upon a Table below them, 
the Shadows of them all will converge towards 
the Point, that is over the Candle. And, if 
they are made to incline, ſuppoſe all one Way, 
the Point of Convergency will remove from 
over the Candle, towards that Side of the 
Room to which the upper Ends of the Strings 
incline: Now if a Perſon had viewed them 
from the Place where the Candle was, and 
referred their Places to the Ceiling, they would 
have ſeemed to him to have converged towards 
the Point, where their Shadows did. 

And if the Streams ſpread themſelves as 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends, 
like Cones or Pyramids; juſt as the Sides of 
a long Walk ſeem to a Perſon that views them 


* This may be made to appear in the following Manner; Let 
ADB (Fig. 38.) repreſent the Concave of the Heavens, AB the 
Horizon, C the Place of the Spectator, IV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, Sc. Theſe 
Streams will all ſeem to converge towards the Point D, if that Point 
be taken ſuch, that the Line DC drawn from thence to the Specta- 
tor's Eye, be parallel to the Streams. For Inflance, the Stream 
EG will ſeem to riſe from e to g, LM from / to , and FH from 
F to h, and ſo cf the reſt. And NO will appear wholly in D the 
Place to which the reſt ſeem to converge. And if the Streams 
De as large, or ſomewhat larger at the upper Ends, than at the 
lower, they will (ill appear leſs there, thoſe Ends being fartheſt 
from the Spectator's Eye. 


from 


* 4 x 
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from one End of it, or from a diſtant Place, 
to approach each other at that which is fartheſt 


from him. 
This being premiſed, we may now account 


| for the ſeveral Phenomena of the Aurora 


Borealis before laid down. As, 

1. The Blackneſs of the Sky, which gene- 
rally appears in the northern Parts of the Ho- 
rigon, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky 1s clear here, 
is evident (as was obſerved before) becauſe 
the ſmalleſt Stars are ſeen through it. 

2. The lucid Arch immediately above, is the 
luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve, 
ſometimes of a ſtrait Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve: For, by the Rules 
of Perſpective, when a ſtrait Line is diſtended 
horizontally, and above the Spectator's Eye, 
it ought to appear bent into a Curve, whoſe 
Center is below the Horizon *. Sometimes 
it appears on one Side the North Point, more 


* Thus, when a Perſon ſtands fronting a Row of Houſes, and 
looks over the Tops of them, if they are all of an equal Height, 
that Houſe which is neareſt him, will ſeem to cut the Heavens in 
a Point that will be higher than where it is cut by any of the reſt; 
and the Points where the Heavens will ſeem to be cut by the Tops 
of thoſe, which are on the Right and Left Hand of the Spectator, 
will deſcend lower and lower, as the Houles are farther off; ſo 
that the Points, taken all together, will repreſent a Curve. 


T2 than 
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than on the other; ſometimes regular, fome.. 
times irregular, as the various Circumſtance; 
of the Air's Motion at the Top of the Atmoſ- 
phere, and of the Situation of the flaming 
Matter may be. 

3. The Streams of Light, iſſuing out of the 
lucid Arch, are Streams of Fire emitted up- 
wards from the Matter of the Aurora, and 
ſeem, for the Reaſons already laid down, to 
converge towards the Zenith of the Spectator. 
Why they incline a little ſometimes from the 
Perpendicular, will be explained in the fifth 
Remark, where we account for the Situation of 
the Canopy. When no luminous Arch ap- 
pears, it is probable, that it is intercepted by 
the Hori gon, or by the Vapours which float 
in great Quantities therein. 

4. The trembling obſerved in the upper Part 
of the Heavens, is owing to the Quickneſs 
wherewith the Flaſhes ſucceed one another, 
and alſo to the irregular Motions and Agita- 
tions of the ſuperior Parts of the Atmoſphere. 

5. So long as the luminous Matter of the 
Aurora 1s all of 1t towards the North of us, 
the Streams cannot ſeem to meet in a Point at 
the Top, as will appear to any one that conſi- 
ders the Figure referred to in the Note (p. 164), 
but after it has advanced forwards, or become 
kindled over our Heads, then they appear to 
meet, and form the Canopy already deſcribed ; 
and when it has paſſed further ſtill, they ſeem 


to 
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to ariſe from all Parts; though they are much 
fainter on the ſouthern than on the northern 
Side, ſo long as the main Body of the Aurora 
remains on the northern Side of the Canopy, 
which it rarely, if ever, paſſes. The Reaſon 


why the Center of the Canopy 1s generally a 


few Degrees to the South of the Spectator's 


Zenith *, is becauſe the luminous Streams, 


which iſſue forth from the extreme Parts of 
the Subſtance of the Aurora, will naturally 
diverge a little from the middle ones; and, as 
thoſe which appear to us, proceed chiefly from 
the ſouthern Side (that being neareſt to us) 
the Point of Convergency will neceſſarily be 
laced to the South cf our Zenith, according 
to what was faid above about the Inclination 
of the Strings hanging from the Cieling of a 
Room. It the Center of the Canopy is ſome- 
times to the Eaſtward, and ſometimes to the 
Weſtward of the Meridian, that depends upon 
the Motion of that Part of the Air, which is 
above the Subſtance of the Aurora, and through 
which the Streams paſs, as they rife. This 
alſo it is that makes the Streams ſeem to ariſe 
ſometimes a little obliquely. 


According to this Theory, the Center of the Canopy will al- 
ways be ne:r the Spectator's Zenith, where-ever he is; which I 
believe is the Caſe, for I have met with no Account where it is 
otherwiſe; and ſo every Spectator fees a different Canopy, juſt as 
when ſeveral Perſons are viewing a Rainbow, no two Perions fee 
the ſame Rainbow at the ſame I ime. | 


6. 'The 
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6. The great Height of the Aurora is owin 
to the exceeding Lightneſs of the Efluvig, 
which compoſe the Subſtance of it (as explain- 


ed above) and the darting of the Streams up: 


wards, into Regions perhaps quite above the 
Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame Appearances at the 
ſame Time. | 

7. That the Aurora appears near the Pole, 
and never at or near the Equator, is be- 
cauſe of the Tendency the Matter of it has 
towards the Poles, as explained above. And 
that it appears in Places more diſtant from 
the Pole, than it formerly did, is becauſe the 
Effluvia, which are now raiſed from the 
Earth, are prevented from approaching ſo near 
the polar Parts of the Atmoſphere, as they 
uſed to do; thoſe Parts being already ſtocked 
with others, which were formerly raiſed, and 
are now grown fete by frequent Fermenta- 
tions and Exploſions. 

8. The horizontal Trains of Light are the 
Subſtance of the Aurora juſt taking Fire, 
which runs from one Part to another, as in a 
Train of Gunpowder kindled in any one Part; 
and ſends up Streams perpendicularly from 
Places, where it meets with a greater Quanti- 
ty of Matter than ordinary. 

9. When the Matter of the Aurora is fo far 
ſpent, as to emit no more Streams, it appears 
only as a bright ſteady Light in the N 

whic 
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which gradually dies away, for Want of freſhi 
Fewel to ſupport it. 

10. As the Vapours, of which Clouds are 
formed, never riſe ſo high, as where the Mat- 
ter of the Aurora Borealis floats; it is not at 
all inconſiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our Sight, by 
the Interpoſition of Clouds below. 


See farther on this Subject, Ar:/7otel. Meteor. 
Lib. I. Cap. 4, 5. Plinii Hiſtor. Natural. 
Cap. 26, 27. Senec. Quæſt. Natural. Lib. I. 
Lycojt. Prodigiorum ac Oſtentorum Chronicon, 
paſſim. Julius Obſequens de Prodigiis, Cap. 
13, 43, 88. Gaſſendi Animadverſ. in Dog. 
Laert. Lib. X. p. 1157. Cornelius Gemma 
de divinis Naturæ Characteriſmis. Nicephor: 
Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. Lid. 
Hiſpal. Hiſtor. Goth. Tom. I. p. 65. Bibli- 
othec. Orientalis Clementino-Vaticana, Tom. J. 
p. 407. Gregor. Tur. paſſim. Mem. de Lit. 
de VAcad. des Inſcriptions & belles Lettres, 
Tom. IV. p. 431. Miſcellan. Berolin. Tom. I. 
p. 137. Theatr. Comet. Staniſ. Lubienietæx, 
p. 204, 348. Mem. pour ſervir a I'Hiſtor. de 
France, Tom. I. p. 168. Mem. de VAcad. 
Royal, de Sciences, for almoſt each Year ſince 


1716, Philoſoph. Tranſ. Ne. 30 5, 3 10, 320, 
347, 349, 349,351, 352, 363, 365, 368, 376, 


385,395, 398, 399, 402, 410, 418, 431; and 
the Authors referred to by Mr. Foehr/on, in his 


Quzft. Philoſoph. Cap. IV. F. 2, D I $- 
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170 Of Fermentation. Part II. 


DISSERTATION VIII. 
Of Fermentation. 


Aving had Occaſion to mention ſome of 

the Effects of Fermentation, it may not 

be amiſs, before I put an End to theſe Diſſer- 
tations, to add a ſhort Account of the Nature 


of it, and to ſhew how thoſe Effects are pro- 


duced by it. 2 | 

Fermentation is a mutual Commotion of the 
conſtituent Particles of Bodies, one among ano- 
ther; and ariſes from an Inequality in their 
Attractions of Coheſion. Authors diſtinguiſh it 
into two Kinds; the one is that which happens 
when a Solid is diflolved by a Fluid ; the other 
is, when two Fluids, being mixed together, fer- 
ment with each other. 

Thoſe Authors, who have treated of the firſt 
of theſe, tell us, That to cauſe a Fermentation 
between a Solid and a Fluid, ſeveral Circum- 
ſtances are neceſſary. Particularly Dr. Friend“, 
and Keil ꝶ are of Opinion, 

I. That the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 


than the Particles of the Fluid attract one 
another. 


* See his Chemical Lectures. OY 
+ See his Letter to Dr. Cockburn, De Legibus Attraction. 
2. That 


D 


rt II. 


ne of 
Y not 
Miier- 
aturc 


pro- 


ff the 
ano- 
their 
1th it 
opens 
other 
fer- 


> firſt 
ation 
um- 
ud *, 


k at- 
orce, 
one 


ris. 


[hat 


Dif. VIII. Of Fermentation. 171 

2. That the Pores of the Solid muſt not be 
too ſmall to admit the Particles of the Fluid 
into them. . 

3: That the Body be of fo looſe a Contex- 
ture, that the Force of Impact, with which 
the Particles of the Fluid rufh into its Pores, 
may be ſufficient to diſunite its Parts. 

4. That the Elaſticity of the Particles tends 
very much to promote, and augment the Fer- 
mentation. | 

Pr. Boerhaave makes alſo four Conditions 
requiſite #® 

1. That there be a due Proportion between 
the Size of the Particles of the Fluid; and the 
Poresof the Body to be diſſolved. | 

2. That the Figure of the Particles of the 
Fluid have a determinate Relation to that of 
the Pores of the Solid: 

3. That the Particles of the Fluid be ſuffici- 
ently ſolid; that their Moment, or Force of 
Action may not be too weak. | 

4. The laſt Qualification, he mentions, is a 
fit Diſpoſition of the Particles of the Fluid, 
when received into the Pores of the Solid, to 
make ſome ſtay there, and not immediately 
to paſs through; but to act every Way upon 
the Solid, as they move towards the external 


Surface thereof, 


Pr. Bo:rlaave's Chemiſtry, by Shaw, p. 344. 
2 But 
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But we have no Occaſion to have Recourſe 


to ſo many Suppoſitions; if the Particles of the 
Solid attract thoſe of the Fluid with a greater 
Degree of Force than either thoſe of the Fluid, 
or thoſe of the Solid attract one another *, it 
is ſufficient ; and there will follow a Diſſolution 
of the Body, as may clearly be demonſtrated 
from the Laws of Mechanics, whatever the 
other Circumſtances relating to the Figure or 
Magnitude of Pores, &c. may be . | 
When 


This may be thought an impoſſible Suppoſition, for the Force 
of Attraction of Coheſion being as the Surfaces of the attrattirg 
Particles, whatever Size or Form the Particles of the Solid and 
Fluid are of, there cannot be a greater ny of Surface between 
every two Particles, one of which is a Particle of the Solid, and 
the other a Particle of the Fluid, than there is between every two 
Particles, which are either both of the Solid, or both of the Fluid; 
and therefore the Particles of the Solid cannot atiract thoſe of the 
Fluid with greater Force than either thoſe of the Solid or thoſe of 
the Fluid attract one another. But it is to be conſidered, that we 
are not ſo well acquainted with the Nature of the Attraction of 
Coheſion, as to determine exa&ly in what Manner, and by what 
Laws it acts. The Experiments made Uſe of for this Purpoſe, on- 
ly ſhew that ſo long as we try them with the ſame Kind of Bodies, 
the Attraction is larger where the Contact is ſo. See Part J. 
Chap. III. But we have no Method of determining, whether the 
Difference of Attraction, which various Bodies exert upon one an- 
other, ariſes ſolely from a Difference in their Surfaces. or not. 

+ Dem. Thus, let % , Cc. (Fig. 39.) repreient a Series o 
the Particles of a F MI l 3. 4, 4 E. 1 Series of thoſe of a 
ſolid Body, contiguous to one another: and let the pricked 
Lines f/f, V, Fc. repreſent the Forces of Attraction between 
the Fluid Particles one among another, and 3, 54, Ce, 
thoſe of the ſolid ones among themſelves; and let the black 
Lines 5, , &c. expreſs thoſe which are between the fluid 
and ſolid Particles. Now, the latter Forces being by the Sup- 
poſition ſtronger than the former, the fluid Particles will 2 
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When a Solid is put into a Fluid, if their 


Particles have the above-mentioned Relation 
to each other, thoſe of the Solid, being attract- 
ed with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Fluid, and enter in between the 
Particles of the Fluid ; and for the like Reaſon, 
thoſe of the Fluid will open to themſelves 
a Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their Reſpective Motions ceaſe, unleſs their 


from each other, and ſuffer thoſe of the Solid to enter in between 
them; and for the ſame Reaſon the ſolid Particles will give Way 
to thoſe of the Fluid, By which means, the Diſtances repreſented 
by the pricked Lines becoming greater, the Attratio*s, which 
they expreſs, will be diminiſhed ; ſo that the fluid Particles will 
enter quite in between the ſolid ones, and the ſolid ones between 
the fluid one; and both of them together will conſtitute ſuch a 
Series, as 15 ;epreſented in Figure 40, in the middle Row g, /, 5, 
J &c. where the ſolid and fluid Particles lie mixed interchangea- 


bly one with another in a right Line. Now let it be ſuppoſed, 


that this Series is contiguous to one which conſiſts wholly of Fluid 
above it, as 1s — in the Figure, and to another below, 
conſiſting of ſolid Particles only. Every ſolid Particle in this 
deries will be attracted upwards with 2 Force, than it 
5 downwards; and every fluid one with greater Force down- 

vards than it is upwards, as appears by bare Inſpection of 
the Figure, where the black Lines, as in the former, expreſs 
the ſtronger Attractions, and the pricked ones the * wy 
And, if we ſuppoſe the Number of Particles in the Solid and in 
the Fluid to be nearly equal, thoſe of the Fluid will not ſtop, till 
hey have quite paſſed through the Solid; for they will always find 
a Series wholly conſiſting of ſolid Particies before them, whilſt 
that which they leave behind, will be a Mixture of both. In like 
manner, the ſolid ones will paſs quite through the fluid ones ; for 
tiey will always meet with more fluid ones before them, than they 


* 


leave behind within the Sphere of their own Attraction. 
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174 Of Fermentation. Part II. I L 
Quantities be very unequal, till they are dif- ar 


fuſed uniformly one among another, as we Q 
may very eaſily conceive ; for till then, there 
will always be ſome Particles attracted with a 0 


greater Degree of Force one Way than they ſp 


are another, ſo 
And if more of the Solid be added to this er 
Fluid, the Particles of the Fluid will alſo en- de 
ter into that Solid, till each is ſurrounded on he 
all Sides with ſolid Particles, as far as its at- In 
tractive Force reaches. After which the Fluid th 
is ſaid to be /aturated, and will diſſolve no 
more. * 3 m 
Again, if more of the Fluid be poured upon C: 
that Solid, the ſolid Particles will diffuſe W 
themſelves farther into the Fluid, till each of ar 
them is encompaſſed with Particles of the at 
Fluid, as far as its attractive Force extends; th 
and then they will ſpread themſelves no farther. ot 
But in either Caſe, if another Solid, or eq 
Fluid, the attractive Force of whoſe Particles bo 
differ from thoſe of the former, be added, a 

freſh Fermentation will begin, provided the fel 
attractive Forces between the Particles of the in 
former Mixture, and of thoſe which are now or 
added, have ſuch Relation to each other, as of 
is neceſſary to produce it, by 
Upon this Principle it ſhould ſeem, that a WI {ui 
Fluid ſhould always be capable of diſſolving nt 
more than an equal Quantity of a Solid; and po 
that a Solid ſhould be capable of entring in tio 
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and diffuſing itſelf through more than an equal 
Quantity of Fluid. The Reaſon why it is fre- 

uently not ſo, is, becauſe it commonly happens, 
that the Fluid and the Solid are not of equal 
ſpecific Gravities. When the Solid is heavieſt, 
ſo many of its Particles will not aſcend and 
enter into the Fluid, as would otherwiſe have 
done ; and on the contrary, when the Fluid is 
heavieſt, the Weight of its Particles will be an 
Impediment to their riſing into, and diſſolving 
the Solid. 

We have no Occaſion to diſtinguiſh Fer- 

mentation into two Kinds, with regard to its 
Cauſes ; for, according to the foregoing Theory, 
whenever two Fluids, or a Solid and a Fluid, 
are put together, if the Particles of the one 
attract thoſe of the other, with greater Force 
than either thoſe of the one, or thoſe of the 
other attract themſelves, ' a Fermentation will 
equally enſue, the Cauſe being the ſame in 
both Caſes. 
When two Fluids, or a Solid and a Fluid, 
ferment with each other, if the Agitation and 
inteſtine Motion of their Particles be very great, 
or continues a long Time, and if the Subſtance 
of them be of the inflammable Kind, they will, 
by continually rubbing one againſt another, be 
ſufficiently heated to take Fire, and burſt out 
into Flame; as was ſaid of the ſeveral Com- 
politions mentioned in the foregoing Diſſerta- 
tion. 


See 
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See the Authors, who have explained and 
- defended the old Solution, referred to by Mr. 
ohnſon in his Quæſtiones Philoſoph. Cap. III. 


Queſt. 5, 6, 7. 


The End of the Second Part. 
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